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An understanding of underlying causes assists in the prediction of outcomes and 
management of plant successions. The purpose of this study was to investigate the 
causes of the succession from gorse to broad-leaved forest by experiments under 
controlled conditions and manipulative experiments in the field 
In the controlled experiments, the effect of different light levels on germination, 
survival and growth was investigated for some of the major species in the succession 
(principally, Ulex europaeus (gorse), Kunzea ericoides, Coprosma robusta, 
Pittosporum eugenioides and Melicytus ramiflorus). Species performance was 
matched against the generalised behaviour of typical early- and late-successional 
species. 
While seed characteristics and germination responses were not consistent with those 
predicted on the basis of successional status, the study species had growth rates and 
biomass allocations consistent with species of similar successional status. Gorse had 
significantly higher growth rates than the native woody species at high light levels but 
not at lower light levels. Differences in growth rates with respect to light levels 
explained the early dominance of gorse and the later inclusion of native woody species 
in the canopy. There was little evidence of trade-offs between high potential growth 
rates and high growth rates and survival at low light levels. 
Seed bank studies investigated seed availability in the field. Seasonal patterns of 
germination and the effect of canopy clearance and litter removal were examined over 
two years. Survival of emerging seedlings and the growth and survival of transplanted 
seedlings was monitored in clearings cut in the gorse, under a gorse canopy and under 
a native forest canopy. 
Seed availability of native woody species was low in young gorse stands and higher in 
older sites closer to seed sources of native forest species. Gorse seed dominated the 
seed bank of all sites except those within native forest vegetation where gorse had not 
previously grown. Gorse seed germinated in every month of the study, with peaks in 
both summers and the first autumn of the study, whereas seeds of native woody 
species germinated only in spring. The germination of gorse seed tended to be 
promoted by canopy clearance whereas that of Kunzea ericoides was unchanged and 
that of Melicytus ramiflorus tended to be inhibited. Litter removal from under an intact 












all species was low under dense native canopy and in unfenced plots. Gorse had the 
highest growth rates of the study species in the clearing but there was little difference 
between growth rates under the gorse canopy. Artificial shading in the field had a 
similar effect on growth rates to the gorse canopy. 
Differences in growth rates in the field were again sufficient to explain species 
replacements early in the succession, but differences in life span and stature were 
required to explain subsequent exclusion of gorse. Seed availability and germination 
would influence the starting point of the succession and could result in a longer phase 
of gorse dominance than that predicted from growth rates alone. 
Findings were consistent with the hypothesis that differences in competitive ability 
along a changing gradient of light availability were one of the major causes of the 
succession from gorse to broad-leaved forest. However there was little evidence for 
the existence of the trade-offs that have been proposed as the cause of these changes in 
competitive ability. 
This study allowed options for active intervention in the management of gorse-covered 
land that might promote the succession to broad-leaved forest to be proposed. These 
include addition of seed, removal of litter, planting of seedlings and limiting any 
disturbance of the gorse canopy to winter in order to minimise the effects of clearance 
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CHAPTER 1: INTRODUCTION 
1.1 PROJECT OUTLINE 
In plant ecology, succession refers to the directional change of the species composition 
and vegetation physiognomy with time for a single site where climate remains 
effectively constant (Finegan 1984). Succession has long been a focus of study in plant 
ecology because an understanding of succession is important both for the development 
of the science and for application to the management of plant communities for both 
conservation and exploitation. 
Recent studies have stressed the need to understand the causes of succession in order 
., 
to predict outcomes or manipulate successions (Pickett et al. 1987, Glenn-Lewin et al. 
1992). Similarities between successions in a variety of communities has suggested to 
many that there may be underlying causes common to all successions (Tilman 1985, 
Pickett et al. 1987, MCCook 1994). As yet, no common causes have been widely 
accepted and much recent emphasis has been on the diversity of causes and the site-
specific factors influencing succession. These include differences in seed availability, 
life-history, ecophysiology and competitive ability of early- and late-successional 
species, herbivory, allelopathy, environmental stresses and differences in resource 
availability (Pickett et al. 1987). 
Huston and Smith (1987) have put forward a generalised model of species replacement 
during succession that they believe is common to a wide variety of successions. They 
suggest that the differences in competitive ability of early- and late-successional species 
along changing gradients of resource availability with succession will result in species 
replacement. Traits that make a plant well adapted to an early-successional 
environment will have costs that prevent it being as competitive in a late-successional 
environment 
Huston and Smith (1987) used mathematical models based on parameters measured for 
forest trees of eastern North An1erica to demonstrate how these ideas alone could 
explain species replacements in a variety of successions. Their ideas have received 
theoretical support (MCCook 1994) but have not been tested under field situations or 
in other plant communities. One of the aims of this thesis is to test the hypothesis that 
differences in the performance of early- and late-successional species along a changing 










Huston and Smith (1987) suggest that under non-equilibrium conditions, competition 
in relation to a single resource gradient is sufficient to cause species replacement 
through time. The resource gradient emphasised, both in their study and in the current 
study, is that of light Changing light levels and differences in the shade-tolerance of 
seedlings have often been the emphasis of studies of forest succession (Finegan 1984). 
Light is likely to be an important resource in determining species replacements in a 
forest succession as its availability change~ markedly throughout a succession. In a 
secondary succession in a mesic region, light is expected to be the major limiting factor 
(Tilman 1985). 
A major factor in choosing a plant community in which to test aspects of succession 
theory was to provide information relevant for management decisions. It has been 
suggested that priority should be given to communities in which there are management 
issues that need addressing (Luken 1990). The gorse-forest community in New 
Zealand provides such an opportunity· as encouraging the replacement of the weed, 
Ulex europaeus (gorse) by forest is one option that has been proposed in managing 
exte.o:sive areas of gorse-covered land (Hackwell 1980). The second aim of this thesis 
is to use the information collected regarding the ecology of the species and 
successional processes in a gorse-forest community to address ways of managing 
gorse-covered land to encourage a succession to forest. 
In the remainder of the Introduction, the development of current ideas regarding 
succession are briefly outlined and Huston and Smith's premises examined. A 
background to the proposition that gorse could be controlled through encouraging 
succession to forest is given and the successional status of the major species in this 
succession is discussed. 
In the first part of the thesis, Chapters 2 and 3, the response to a range of light levels 
of the dominant species in the gorse-forest succession are measured and compared 
with those of classical early and late-successional species. Evidence for inverse 
correlations between characteristics of early- and late-successional species are 
examined. The main study species were Ulex europaeus, Kunzea ericoides, Coprosma 
robusta, Pittosporwn eugenioides and Melicytus ramijlorus. Other species, 
particularly Carpodetus . serratus, Griselinia littoralis, Aristotelia serrata and 
Podocarpus totara were used for various aspects of the study. 
In the second part of the thesis, Chapters 4-6, manipulations in the field are used to 










response shown in controlled experiments. In Chapter 4 the vegetation composition 
and structure at the field site is investigated and in Chapter 5, the seed bank under 
gorse stands of differing ages and under forest vegetation is examined. Chapter 6, 
explores the differences in germination, survival and growth rates of early and late-
successional species in recently disturbed sites, under a gorse canopy and under a 
forest canopy. 
Chapter 7 discusses how closely the responses of the study plants compare to 
predictions based on Huston and Smith's premises and whether these premises are able 
to explain successional processes in the gorse-forest community. Techniques for 
managing gorse-covered land to promote succession to native forest cover are also 
discussed. 
1.2 SUCCESSION 
Succession has been a focus of vegetation research since the end of the nineteenth 
century (Glenn-Lewin et al. 1992). Studies of succession were initially strongly 
influenced by the ideas of Clements (Clements 1916) which provided an explanation of 
successional processes based on observations of patterns of succession. After many 
decades, when these ideas began to be questioned, a large number of alternative 
theories were put forward. These explanations have often been tested as mutually 
exclusive alternatives but current emphasis has been on the diversity of causes of 
succession both within and between different successions. Despite the emphasis on 
diversity, research persists on general rules explaining similarities between successions 
in a wide range of communities. An understanding of the similarities between 
successions provides a starting point from which to explain site specific modifying 
factors. 
The early, Clementsian, view of succession was of an orderly and predictable 
progression towards the development of a stable vegetation type in equilibrium with 
the regional climate. Clements developed a scheme of five major processes that drive 
succession. 
1. nudation creation of a bare area by disturbance initiates succession. 
2. migration arrival of organisms at the site. 
3. ecesis the establishment of organisms at the site 
4. competition the interactions of organisms at the site. 
5. reaction the modification of the site by the organisms, thereby changing 











6. stabilisation the development of a stable climax. 
Clements had a holistic approach, emphasising the emergent properties of a community 
rather than the properties of populations or individuals. The Clementsian view of 
succession and its driving processes were widely accepted until the 1950s and 
influenced many subsequent studies. This work was later criticised for its emphasis on 
emergent properties of communities and reaction or facilitation as a cause of 
succession (Glenn-Lewin et al. 1992). 
The first major theoretical alternative to the traditional Clementsian view of succession 
came from Egler (1954). He stressed the importance of Initial Floristic Composition in 
determining species replacement in a succession. "As each successive group drops out, 
a new group of species, there from the start, assumes predominance"(p 415). This was 
contrasted with the ideas put forward by Clements that species invaded the site at 
different stages of development. This was described as relay floristics by Egler (1954). 
During the 1970's and 1980's a range of alternative ideas on succession were put 
forward (Drury and Nisbet 1973, Connell and Slatyer 1977, Noble and Slatyer 1980, 
Tilman 1985). These ideas are viewed as both reductionist (emphasising the properties 
of populations and individuals rather than the community) and mechanistic (focusing 
on the causes of succession). Emphasis on the study of causes of vegetation succession 
gives greater power to explain and predict than observation of patterns (Glenn-Lewin 
et al. 1992). 
Connell and Slatyer (1977) proposed three models of succession that greatly 
influenced subsequent studies. The first, commonly known as facilitation, is based on 
the traditional Clementsian view. The other two models are examples of initial 
floristics. Model two, tolerance, outlines a process of species replacement based on 
life-histories while the third model, inhibition, contrasts with the model of facilitation in 
suggesting that early-successional species inhibit the growth of late-successional 
species. The later dominance of late-successional species occurs due to an equal 
chance of their replacing an early-successional species and their longer life-span. The 
work of Connell and Slatyer has prompted a large number of experimental studies 
attempting to elucidate the causes of succession in order to differentiate between the 
models (Pickett et al. 1987). However, the emphasis on the models of Connell and 












Currently the diversity of causes of succession, both in different communities and at 
different stages of a succession is being emphasised (Pickett et al. 1987, Glenn-Lewin 
et al. 1992) as is reflected in the framework illustrated in Table 1.1 
Table 1.1 A hierarchy of successional causes <adapted from Table III. Pickett et al. 1987} 
General causes of succession Contributing processes or conditions Modifvinll: factors 




Differential species availability Dispersal Landscape configuration 
Dispersal agents 
Propagule pool Time since last disturbance 
Land use treatment 








Life history strategy Allocation pattern 
Reproductive timing 
Reproductive mode 




Presence of competitors 
Identity of competitors 
Within-community disturbance 
Predators and herbivores 
Resource base 


















The highest level of the hierarchy, (fable 1.1, column 1) represents general causes that 
apply to all successions. Succession is initiated by open sites becoming available, 
species being differentially available at a site and having different capacities for dealing 
with a site and one another. These causes are not predictive but can be examined 
further through the interactions, processes or conditions that contribute to them (fable 
1.1, column 2). The lowest level of the hierarchy examines site-specific factors that 
determine the outcome of the interactions listed in column 2 (fable 1.1, column 3). 
This framework draws heavily on Clements' earlier scheme of processes and is an 
attempt to provide a way of studying the diversity of successional causes in a unified 
way (Pickett et al. 1987). Eventually a general theory of succession could emerge to 
explain the similarities between successions in a wide range of communities despite 
differences in species, site history and habitat (filman 1985). While acknowledging the 
great diversity of causes of succession, Pickett et al.'s (1987) framework enables the 
formulation of general and testable hypotheses. 
1.3 HUSTON AND SMITH'S PREMISES AS AN EXPLANATION OF 
SUCCESSION 
Huston and Smith base their explanation of succession on three main premises. These 
ideas are not new and have been put forward previously in a variety of ways by a range 
of people including Clements (1916), Drury and Nisbet (1973) and Tilman (1985). 
"1) Competition for resources occurs in all plant communities, although both 
the relevant resources and the intensity of competitive interactions may 
change through time and between communities. " (Huston and Smith 1987, 
p169) 
This premise is widely accepted. Competition has long been considered one of the 
major forces shaping the structure and dynamics of plant communities (Grace and 
Tilman 1990). 
"2) Plants alter their environment in such a way that the relative availabilities 
of resources change, altering the criteria for competitive success. " (Huston 
and Smith 1987, p169) 
Light levels in the understorey decrease during a succession. While light levels 
following disturbance are high, daily integrated flux densities at ground level in late-











Changes in nutrient availability are less consistent. Some successions show decreases in 
nutrient availability (filman 1985) but this does not occur in all successions or at all 
stages of any one succession (Huston and Smith 1987). 
The cause of changes in resource availability during succession has been the subject of 
debate. Huston and Smith (1987) see changes in resource availability as an autogenic 
process whereas Tilman (1985) believes they occur only as an indirect result of growth 
by early-successional plants. In the current study, changes in light are emphasised. 
These would appear difficult to explain in any way other than through the direct 
control of plants. Tilman (1985) does not offer a non-autogenic explanation for 
changes in light level and McCook (1994) concludes that an explanation of resource 
gradients ignoring autogenic processes is very weak. Resource levels do change 
throughout a succession and at least in the case of light these changes are largely 
autogenic. 
Tilman (1985) suggests that simple models may encompass the predictable elements 
of succession. An emphasis on autogenic changes is consistent with attempts to explain 
the predictable elements of succession. Where changes in resource availability are the 
result of factors external to the community, succession becomes simply the explanation 
of different species being adapted to different environments without the predictability 
afforded by autogenic processes. 
"3) Physiological and energetic constraints prevent any species from 
maximising competitive ability for all circumstances. This produces an inverse 
correlation between certain groups of traits such that relative competitive 
abilities change over a range of environmental conditions." (Huston and Smith 
1987, p169) 
Evidence for this premise comes from the widely accepted differences between the 
characteristics of early- and late-successional plants. Early-successional plants are 
generally fast growing and intolerant of shade while late-successional plants are slower 
growing and more shade-tolerant (Bazzaz 1979). There is theoretical support for the 
idea that these differences in characteristics of early and late- successional species are 
the result of trade-offs that prevent a plant from maximising its performance under all 
conditions. 
"Organismal traits are ultimately based on allocation. A plant that allocates more 











Thus a change in the morphology, physiology or behaviour of an organism that 
increases its fitness in response to one set of environmental constraints should 
have a cost that decreases its fitness under other conditions .... Beneficial traits 
that do not have costs should become fixed and thus have little influence on 
observed intra specific and inter specific differences." Tilman (1990) p4. 
Several trade-offs have been proposed. These include Huston and Smith's (1987) 
prediction that there should be an inverse relationship between maximum 
photosynthetic rate and light compensation point. Tilman (1988) suggested that there 
should be a trade-off between high relative growth rate (RGR) and increased 
partitioning into non-photosynthetic tissues. While the logic behind these may be 
appealing, they have rarely been tested. In one of the few tests, Shipley and Peters 
(1990a) concluded that there was no evidence to support the existence of a trade-off 
between high RGR and increased partitioning into non-photosynthetic tissue. Huston 
and Smith's third premise regarding relative competitive ability requires further testing. 
In looking for an underlying cause for succession it is acknowledged that differences in 
site and species will lead to differences in successions. However, variations from the 
predicted succession on the basis of a general underlying cause can provide a starting 
point for studies of other causes of succession that may be important for that 
community. In the current study, Huston and Smith's ideas are examined within the 
broad framework of Pickett et al. (1987). They are studied in the context of other 
causes that may be specific to the gorse-forest succession. 
Huston and Smith's premises are one aspect of species having different evolved or 
enforced capacities for dealing with a site and other species, one of the general causes 
of succession put forward by Pickett et al. (1987). Huston and Smith's work narrows 
down the combinations of characteristics possible. "The structure of correlations 
among life-history and physiological traits constrains the successional patterns 
commonly found in nature to a small subset of possible patterns" (Huston and Smith 
1987). 
The modelling system that Huston and Smith's work is based on has been criticised for 
its emphasis on the growth of established individuals on mature soils (Finegan 1984). 
This emphasis overlooks any effect of differences in seedling establishment or soil 
nutrient availability. By including studies of other aspects of seedling development 
some of these criticisms can be addressed. In the current study, seed availability and 










on mature soils may limit the application of these ideas to primary successions but is an 
appropriate emphasis in investigating the gorse-forest succession. 
1.4 GORSE: ITS ECOLOGY AND MANAGEMENT 
Ulex europaeus (gorse) was introduced from Europe last century during European 
settlement of New Z.ealand and was established primarily for fodder and shelter. It was 
declared a noxious weed in New Z.ealand in 1900 (Hill 1987). Attempts at control 
were based on burning and chemical spraying regimes. Over ninety years later, gorse is 
still a widespread noxious weed. In response to the failure of traditional methods, new 
approaches to gorse control are being explored. These include the development of a 
biological control programme (Hill 1987) and the utilisation of gorse as an 
intermediate stage in the regeneration of native forest (Hackwell 1980). Replacement 
with forest cover may be a long term solution to the gorse problem in reserves and on 
marginal farm land. Managing gorse-covered land with this aim in mind requires an 
understanding of the gorse-forest succession. 
In 1980, gorse communities covered 941,000 ha or approximately 3.6% of New 
Z.ealand as a weed of forestry land, agricultural land and in parks and reserves 
(Sandrey 1985). In plantation forests gorse reduces the height and diameter of forest 
trees and increases the cost of site preparation (Sandrey 1985). Gorse hinders later 
silvicultural operations, thus increasing labour costs. Direct costs to the forestry sector 
were estimated at $ 8 million per year in 1985 (Sandrey 1985). In agricultural land, 
control measures recommended in the early 1980s were a pre- burn desiccant spray 
followed by burning, oversowing, fertiliser application and strip grazing at high 
stocking rates. The direct cost of gorse control to the agricultural sector in 1984 was 
estimated to be $17 million (Sandrey 1985). Assessment of the magnitude and cost of 
the problem in reserve areas is harder. However, in a survey of reserve managers, 
58% said that gorse was the most significant weed in the area (Timmins and Williams 
1987). 
The rnain biological features that ma.lee gorse a weed i.r1 New Zealand are its vigorous 
growth, long lived seed and its sprouting ability after cutting or fire. Gorse is a prolific 
seed producer with an annual seed fall of 500 - 600 seeds m-2 (Ivens 1978). The seed 
is released as the pods dry and explode. Gorse seeds have a water-impermeable seed 
coat that prevents immediate germination and enables them to remain viable in the soil 
for over 30 years. A seed bank of up to 20,000 seeds m-2 has been recorded for gorse 
with an average of 6 000 seeds m-2 (Zabkiewicz and Gaskin 1978). Gorse is also a fast 










accumulation (Egunjobi 1969) and can live to an age of 46 years in New '.Zealand 
(Lee et al. 1986). 
Gorse is tolerant of a large range of climates and soil types. Optimum growth occurs 
when the annual rainfall is between 500 and 1500 mm (McCarter and Gaynor,1980). 
Favourable growing conditions, linked with the absence of many traditional pests and 
diseases of gorse from New '.Zealand, contribute to its weed status. 
Many land management practices in New '.Zealand also favour gorse. The use of fire to 
clear land encourages the establishment of gorse plants as they are capable of 
resprouting and temperatures of less than 100°C stimulate germination from the seed 
bank (Zabkiewicz and Gaskin 1978). The farming of steep terrain where both dense 
pasture and heavy stocking are not possible can also lead to invasion of grassland by 
gorse. 
The concept of utilising gorse as a nurse crop for the regeneration of native forest was 
first put forward (Hackwell 1980) at a time when it was becoming widely accepted 
that traditional methods of gorse control were failing. " .. every year enough 2,4,5 -T is 
sprayed to kill one quarter of New '.Zealand's gorse crop. Spraying has been going on 
for about 30 years while the amount of cover has not decreased significantly" 
(Monsanto report quoted by Hill 1987). 
By the 1980's gorse had been legally classified as a widespread weed problem. 
Occupiers were obliged to clear boundaries but they were no longer required to 
attempt to eradicate gorse over the rest of their property. In the early 1980s, subsidies 
for gorse control were removed and the use of 2,4,5 -T became unacceptable. All of 
these factors led to a reduction in expenditure on gorse control (Sandrey 1985). "In the 
current economic climate with increasing costs, high interest rates and decreasing 
returns, very little development of gorse infested land is likely and much gorse prone 
land is likely to revert to gorse" (Sandrey 1985). 
In 1980, Hackwell suggested that "on marginal land, leaving gorse alone may be a 
wiser and cheaper method of ensuring its eventual elimination than trying to control it 
by chemical sprays or fire." Hackwell predicted that the result of this "hands-off' 
approach to management would be the eventual replacement of gorse by forest cover. 
He envisaged the process occurring as follows. Light demanding gorse colonises 
freshly disturbed soils or abandoned pastures. The dense ground cover established by 







its canopy becomes more open and provides favourable conditions for the germination 
of native shrub seedlings. These seedlings will in 25 - 50 years overtop and replace the 
gorse. Hackwell described gorse as a "nurse crop" that would favour the establishment 
of native seedlings. Evidence to support this idea came from surveys of gorse covered 
land that was being replaced by forest cover and traditional ideas of facilitation as a 
cause of succession. 
Early evidence to suggest that gorse would be replaced by native forest species was 
found in the work of Druce (1957). Druce carried out a vegetation survey at Taita, 
near Wellington. The original vegetation in the study area was hard beech with broad-
leaved forest in the more sheltered valley sites. Repeated burning had resulted in scrub 
cover of which 15% is gorse. Repeated fires were increasing the amount of gorse and 
other exotic pioneers and decreasing the amount of manuka. Using a range of methods, 
Druce aged the vegetation and found that gorse is vigorous in sixteen year old scrub, 
senile in 34 year old scrub and dead in 46 year old scrub. Likely successions were put 
forward. "The succession from pure gorse .. .is not yet known, but the consolidating 
stage will undoubtedly be shorter than it is for manuka. Where gorse dominates five-
finger will probably form the first forest cover, to be followed later by kamahi." (Druce 
1957). 
Other studies in the Wellington region have either suggested a similar successional 
pathway (Croker 1953) or utilised the pathways proposed by Druce to interpret 
vegetation patterns (Kelly 1965) or suggest management options (Froude 1982). 
Observations in Canterbury led Healy (1969) to state that ''When not modified for 
fifteen to twenty years, the canopy of the gorse community opens and young trees of 
indigenous broad-leaf species overtop the shrubs." 
Since the 1980's there has been considerable interest in the management of gorse-
covered land to promote native forest regeneration. Hack:well's (1980) hands off 
approach has been replaced by an emphasis on managing to control disturbance. In 
recommendations to the Canterbury Regional Council, McCracken (1993) states that 
human intervention in the process is largely unnecessary if the land is fenced to exclude 
domestic and feral grazing animals, a fire plan developed and boundaries cleared and 
planted. There is evidence for the success of this approach in the regeneration of native 
forest at Hinewai, a reserve in Canterbury (Wilson 1994). Five years of minimum 
interference management as described above has resulted in abundant regeneration of 
shade-tolerant native forest species in gorse stands older than 10 years with saplings 








Descriptive studies, similar to those discussed above are not sufficient to detennine the 
causes of a succession (Glenn-Lewin et al. 1992). Where causes of succession have 
been suggested for the gorse-forest succession they have been strongly influenced by 
the traditional explanation of succession based on facilitation, i.e. early-successional 
species alter the environment in ways that make it less favourable for their own 
seedlings but more favourable for seedlings of late-successional species. This is 
consistent with Hackwell's view that gorse acts as a nurse-crop and that the 
environment under an ageing gorse canopy is favourable to forest seedlings. During the 
1980s there was much debate over whether facilitation is an important cause of 
succession. Evidence from some successions indicated that early-successional species 
rather than acting as a nurse-crop, inhibited the establishment and growth of late-
successional species (Connell and Slatyer 1977, Armesto and Pickett 1985) .. 
Further observations of the gorse-forest succession have also led to a questioning of 
the role of gorse as a nurse crop. Williams (1983) compared gorse unfavourably to 
broom as a nurse crop in Canterbury. This was due to its longer (20-30 year) life span 
and the massive amount of litter low in nitrogen that tends to accumulate above the 
mineral soil. A detailed study carried out by Lee et al. (1986) examined 125 gorse 
stands in the Dunedin Ecological District. Gorse appeared to initially inhibit seedlings 
of native forest trees and it was estimated that it would take 50 to 60 years for a native 
canopy to develop on an undisturbed site. 
Evidence that over a time period of between 15 and 60 years gorse will be replaced by 
forest in some areas is strong. It is still unclear what causes this to occur or what may 
prevent its occurrence. If gorse is acting as a nurse-crop, then its removal would have 
a negative effect on native seedling growth but if it is inhibiting seedling growth then 
its removal would have a positive effect. Understanding the causes of the succession 
would assist in predicting outcomes in different areas and in making decisions on how 
land can best be managed to encourage the succession to occur. An understanding of 
causes requires manipulation of the succession (Glenn-Lewin et al. 1992). 
Manipulation of the gorse-forest community had not previously been attempted. 
In the current study, the causes of the gorse-forest succession are examined through 
glasshouse experiments and manipulations of the succession, including creating 
clearings in the gorse and transplanting seedlings to a range of environments. 
Information regarding the causes of succession are used to test the explanation of 











attempts to manage gorse-covered land with the aim of controlling gorse and 
promoting forest revegetation. 
1.5 SUCCESSIONAL STATUS OF SPECIES STUDIED 
To classify species as early- or late- successional requires detailed information 
regarding the role species play in succession. This role may vary depending on the site 
and the type of disturbance. While detailed information is not available for all the 
studied species, it is still possible to determine obvious differences between species that 
establish following disturbance (i.e. early-successional) and species for which seedlings 
and even adults are corrunonly found under an established canopy (i.e. late-
successional). In the northern temperate zone, early-successional species are classically 
grasses and herbs (Grime 1979) but the dominance of forest cover in New Zealand's 
vegetation has resulted in woody species corrunonly filling this role ( Brockie 1992). In 
late-succession, even emergent conifers corrunonly require a small degree of 
disturbance, such as a tree fall, to reach the canopy (Wardle 1991). 
The establishment of Kunzea ericoides is largely limited to bare ground or short 
pasture (Allen et al. 1992). It responds to disturbance more vigorously than any other 
New Zealand native woody plant (Wardle 1991). Coprosma robusta, Carpodetus 
serratus and a range of Pittosporum spp are all described by Wardle (1991) as short-
lived seral trees in conifer-broadleaf forests of the Eastern South Island. In addition to 
this Coprosma robusta has been described as corrunon as a seedling of bare ground 
(Williams and Buxton 1989) and Carpodetus serratus is corrunon on stream margins. 
Both these species have been described by Ogden (1985) as gap colonisers. 
Pittosporum eugenioides, is reputedly the longest lived of the Pittosporum spp in New 
Zealand (Salmon 1980) and habitat observations led Williams and Buxton (1989) to 
conclude that it was most corrunonly found under shade. On the basis of habitat 
Williams and Buxton (1989) further concluded that Pittosporum eugenioides and 
Melicytus ramiflorus are less light demanding than Griselinia littoralis, Carpodetus 
serratus and Coprosma robusta. Griselinia littoralis and Melicytus ramiflorus can 
occur early in successions but are also frequent in the sub-canopy tier of tall forest 
(Wardle 1991). Ulex europaeus is an early-successional shrub, with establishment 
corrunonly following burning or clearing of land (Lee et al. 1986). 
On the basis of the above information I propose the following ranking of species from 
early-late successional. Ulex europaeus < Kunzea ericoides < Coprosma robusta < 
Carpodetus serratus < Pittosporum eugenioides < Griselinia littoralis < Melicytus 










first consists of Ulex europaeus and Kunzea ericoides which both fit into the early-
successional category. The remaining species can vary in the role they play but are 
more likely to be found on forest margins or in small gaps than following large 
disturbance events. Even in the case of Griselinia littoralis or Melicytus ramiflorus 
they are rarely found as canopy dominants in undisturbed forest so might perhaps be 










CHAPTER 2: SEED CHARACTERISTICS AND GERMINATION 
2.1 INTRODUCTION 
In this chapter I examine a range of seed characteristics and germination responses for 
the major species in the gorse-broad-leaved forest succession and investigate whether 
they conform to generalisations based on the successional status of a species. The 
contribution that differences between seed characteristics and germination responses of 
these species could make to species replacements during the gorse-broad-leaved forest 
succession is discussed. 
Simple generalisations regarding the characteristics of seeds of early- and late-
successional species are presented in Table 2.1 below. 
Table 2.1 Seed and &ermination characteristics of early- and late-successional plants 
' 
,, 
Characteristic Early Succession Late Succession 
Seeds 
Number many few 
Size small large 
Dispersal distance large small 
Dispersal mechanism wind, birds, bats gravity, mammals 
Viability long short 
Induced dormancy common uncommon 
Environmental cue for uncommon common 
germination 1 
Ability to tolerate bad good 
litter2 
1 Probert (1992) 











2.1.1 Seed number and size 
Differences in seed size (embryo and reserves) have been explained by the existence of 
a trade-off between number and size of seeds (Fenner 1985). For the same 
reproductive allocation, a plant can either produce many small seeds or fewer, larger 
seeds. While the pressure to produce numerous seeds is present in all environments, 
the degree of advantage conferred by the production of large seeds varies between 
environments (Armstrong and Westoby 1993). Larger seeds have been seen as an 
adaptation which improves performance in shaded environments (Leishman and 
Westoby 1994), increases the ability to tolerate herbivory (Armstrong and Westoby 
1993), litter (Pacelli and Pickett 1991) or, more generally, competitive cover (Gross 
1984). It is assumed that there will be more pressure for late-successional species to 
produce larger seeds than for early-successional species as the conditions described 
above are typical of the environment later in a succession (Armstrong and Westoby 
1993). 
2.1.2 Seed dispersal distance and mechanism 
Seeds of perennial early-successional species, often germinate and establish in sites 
quite different from those in which their parents grow. As habitats change with time 
there is an advantage in dispersing a large number of seeds widely. In this way, the 
chances that some will encounter a favorable situation such as a forest gap or disturbed 
ground is increased (Howe 1986). Seedlings of late-successional species can tolerate 
conditions more similar to those in which their parents grow so there is less advantage 
in dispersing seeds widely. 
2.1.3 Seed viability and dormancy 
For seeds to persist in the soil they must both retain their viability and avoid 
germinating by dormancy or quiescence mechanisms (Murdoch and Ellis 1992). The 
seeds of many early-successional species persist in the soil and form seed banks. This 
acts as a means of dispersal in time. If disturbance is infrequent or unpredictable, 
persistence in the soil increases the chance that a seed will encounter conditions 
favourable to establishment (Pickett and McDonnell 1989). Later successional species 
generally germinate soon after shedding. Seeds that do not germinate lose viability 













2.1.4 Environmental cueing mechanisms 
"Selection favours environmental cueing mechanisms that 
decrease the probability of encountering unacceptable growth 
conditions following germination" 
(Probert 1992) 
Changes in the vegetation canopy as a succession progresses can influence germination 
and survival of seedlings (Olff 1994). Established vegetation can inhibit germination 
through reduction of light, change in light quality, reductions in temperature 
fluctuations, unsuitable moisture levels or build up of litter. Many shade-intolerant 
species will remain dormant under these conditions. They require a cue that ensures 
that they germinate when a gap in the canopy occurs. 
Other species, particularly forest species can become established within existing 
vegetation (van der Valk 1992). Cueing mechanisms will usually be lacking in these 
later-successional species. 
2.1.5 Germination and light 
The environmental cue that I will investigate in this chapter is that of light as 
"Light is one of the principal factors controlling dormancy in seeds" 
(Pons 1992). 
A light requirement can ensure that a seed does not germinate deep in the soil where 
its nutrient reserves would not enable it to reach the surface. A light requirement is 
common in small seeds, <1 mg (Pons 1992). A requirement for a particular light 
quality can also be a gap detecting mechanism as sunlight filtered through vegetation is 
higher in far-red light and can prevent the germination of seeds through its effect on 
phytochrome. In this way an individual can ensure germination does not occur in the 
presence of an established canopy. 
2.1.6 Litter 
In many successional sequences, there is a rapid build up of litter during the early 
stages (Pacelli and Pickett 1991). Germination and establishment are particularly 
sensitive to the presence of litter. Litter can enhance the establishment of some species 
by improving water conditions or by reducing competition. It can also have a negative 
effect as a result of shading, mechanical impedance, reduced thermal amplitude in the 









intercepted as the amount of litter increases (Pacelli and Pickett 1991). The shading 
effect of litter may prevent the gennination of plants that respond positively to light 
The widespread presence of litter may therefore affect the evolution of plant strategies 
(Grime 1979). Studies have found that pioneer species were more affected by litter 
than late successional species. Seed size is one of the factors which determine the 
ability of a plant to tolerate litter (Pacelli and Pickett 1991). 
2.1. 7 Seed characteristics and succession 
Huston and Smith (1987) suggest that the differences in the seed characteristics of 
early and late-successional species play a role in determining successional patterns. For 
example, large numbers of small seeds that can be dispersed widely provide a 
competitive advantage at low population densities typical of early in a succession. The 
same characteristics do not provide the same advantage in the more closed 
environment found later in a succession. Large seed size may provide a competitive 
advantage under these conditions. Trade-offs between characteristics, such as that 
commonly observed for number and size of seeds prevent a plant from maximising its 
competitive ability in all environments. Huston and Smith (1987) suggest that this 
change in competitive ability with changing environment as a succession progresses 
can detennine the sequence of species replacement for a succession. 
2.1.8 Outline of chapter 
Seed dry weights were measured and a range of gennination experiments were carried 
out to examine the response to light and ability to tolerate litter of seeds of Ulex 
europaeus, Kunzea ericoides, Coprosma robusta, Carpodetus serratus, Pittosporum 
eugenioides, Griselinia littoralis and Melicytus ramijlorus. The results of these 
experiments are discussed with respect to the generalisations based on successional 
status outlined above. The inter-relations and trade-offs between these characteristics, 











2.2.1 Seed collection 
Seeds were collected from a minimum of three trees around Dunedin City and at 
Deborah Bay (NZMS 260 I44). Table 2.2 describes the collection time and treatment 
of seed for each species up to the time of sowing. 
Table 2.2. Collection and treatment of seed prior to germination experiments 
Species Collection Time Storaae Pre treatment 
Ulex eurooaeus * Mav-93 drv at 40c imbibed at sooc 
Kunzea ericoides Apr-93 drv at 4°c none 
Coorosma robusta Aor-93 drv at 40c 24 hrs imbibina 
Caroodetus serratus June-93 moist at40C stratification (14 weeks) 
Pittosoorum euaenoides Jul-93 moist at40C stratification (9 weeks) 
Griselinia littoralis Aor-93 moist at40C stratification (20 weeks) 
Melicytus ramiflorus Apr-93 drvat 4°c 24 hrs imbibina 
* sieved from litter and soil, all others collected from the tree. 
2.2.2 Seed size 
Dry weights of five replicates, of 20 Ulex europaeus, Kunzea ericoides, Coprosma 
robusta, Carpodetus serratus, Melicytus ramiflorus and Pittosporum eugenioides 
seeds were measured. Seeds were separated from the fruit before drying and weighing 
so the weight is that of the embryo, endosperm and testa. K. ericoides seed is very 
small and difficult to differentiate from the rest of the contents of the capsule. For this 
reason, the weight of K. ericoides is an estimate. This presents no difficulty in ranking 
the species based on seed size as K. ericoides seed is an order of magnitude lighter 
than any of the other study species. The dry weight of Griselinia littoralis was taken 
from Wardle (1991). G. littoralis seeds were not stored dry as they are recalcitrant. As 
a large number of the seeds had already germinated prior to setting up the germination 
experiments there was insufficient seed to dry and weigh. 
2.2.3 Germination under different light conditions 
Controlled light conditions in a growth cabinet were used to look at the germination 
response of U. europaeus, K. ericoides, Coprosma robusta, Carpodetus serratus, P. 









Twenty-five seeds were placed in petri dishes on absorbent cotton wool covered by 
Whatman No. 1 filter paper. Different light treatments were imposed by enclosing the 
petri dishes in bags made of plastic light filter. Light levels were chosen to correspond 
to a range of canopy densities in the field. The light treatments used are described in 
Table 2.3 along with their field equivalent Light levels in each treatment were 
measured using a quantum sensor (Li-Cor 190SB). 
Table 2.3 Li~ht treatments for germination experiment 
Light level treatment equivalent 
high 400 µmolm-2 no bag small clearing 
medium 100 µmolm-2 bag made from 60% neutral filter medium canopy 
low 40 µmolm-2 bag made from 90% neutral filter dense canopy 
green 27 µmolm-2 bag made from green filter dense canopy 
dark 0 µmolm-2 cloth bag in metal container buried seed 
Four replicates of each light treatment were made up for each species and placed in a 
randomised block design in a growth cabinet. This is illustrated in Figure 2.1. 
Conditions in the growth cabinet were maintained to give 16 hours of light at 200c 
followed by eight hours of darkness at 100c. 
A red/far red ratio, estimated from the spectral distribution of the 250W metal halide 
lamps (Phillips HPI-T 250) used as a light source was, 2.5. A calculation of red/far red 
ratio based on direct measurements of light at 660 and 730nm gave a red/far red ratio 
of 0.70 in the growth cabinet and of 0.13 in the green filter bags. The much lower 
value for the growth cabinet may have been the result of the large amount of green 
plant material in the cabinet when the measurements were taken, this material was not 
present during the germination experiment While absolute values for red/far red ratios 
remain unknown it has been established that the green filter significantly reduced the 










Fi~. 2, 1 Layout of ~ennination in response to li~ht experiment 
Dishes were watered regularly. Dishes in the high light treatment dried out faster than 
those in bags so watering was more frequent to maintain a similar moisture regime. 
Germination was recorded every two to three days and seeds that had germinated were 
removed. Dishes in the dark and green treatments were only opened under a "safe" 
green light After 7 4 days dark and green light treatments for species still showing low 
germination were removed from their bags and moved into high light treatments. This 
involved changing six treatments: Carpodetus serratus and Coprosma robusta green 
and dark, and K. ericoides, M. ramijlorus dark. The experiment was concluded, after 
113 days, when the growth cabinet overheated causing the germination and/or death 
of many of the remaining seeds. 
Percentage germination and time for the average seed to germinate was calculated 
from the raw data. Time for the average seed to germinate (t) was calculated using the 
following equation from Bannister and Bridgman (1991) 












2.2.4 Emergence through litter 
Seed from the same collection as that used in the previous experiment (germination in 
response to different light treatments) was used to set up an experiment to examine 
seedling emergence through different depths of litter. Collection dates and storage 
conditions are described in Table 2.2. The experiment commenced in late October 
1993. Seeds were placed on top of commercial potting mix in pottles and covered with 
litter collected from under gorse at Deborah Bay. The litter had been autoclaved to kill 
seeds it may have contained. Three depths of litter were used. For the first, litter was 
scattered thinly to ensure seeds were not buried ( + ). For the second and third depths, 
seed were buried under 1.5 cm and 4 cm of litter. Petri dish lids were placed under 
half the pots so two different moisture regimes could be maintained, wet and dry. For 
the wet treatment pots were watered often enough to maintain water levels in the petri 
dish. Pots in the dry treatment were watered less often. However, leaks in the 
glasshouse meant they did not always dry out entirely between waterings. Light levels 
as measured by a quantum sensor, in the glasshouse peaked at 400µmols m-2s-lon 
clear days. Temperatures in the glasshouse ranged from 60C to 370c during the 
course of the experiment. 
Seedlings were counted and removed when cotyledons were open and they had 
emerged through the litter layer. The experiment was concluded after 110 days. No 
seedlings emerged in the week prior to conclusion of the experiment. 
Fi& 2.2 Layout of two rea,licates of emergence throu&h litter experiment 





2.2.5 Data analysis 
The effect of light level on germination was examined using Analyses of Variance 
(ANOV A) carried out using the General Linear Models procedure of SAS (SAS 
Institute Inc. 1989). Percentage germination data was arcsin(sqrt) transformed to 
satisfy the requirements of normality and equality of variance. The ANOV A was used 
to test for a significant (p<0.05) effect of light treatment on percentage germination at 
day 74 for each species. Significant effects were investigated further by an unplanned 
test for comparison of means (Ryans-Q) as recommended in Day and Quinn (1989) for 
hypothesis testing for pairwise comparisons. 
Time for the average seed to germinate was square root transformed before carrying 
out ANOV A and comparisons of means as above. T-tests were used to compare final 
germination (at day 113) for dishes that had been transferred from unfavourable 
conditions to high light, with dishes that had been in high light for the full 113 days. 
The average time for seeds to germinate after being moved from unfavourable 
conditions to high light was compared with the average time to germination of seeds 
that had not first experienced unfavourable conditions. 
Analysis of variance was used to test for any effect of species, depth of burial and 
watering regime in the litter experiments. Data was transformed and comparisons of 
means carried out as outlined above for the germination in reponse to light experiment 
A principal component analysis of species and seed characteristics was carried out 
using MVSP (Kovach 1993). 
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2.3 RESULTS 
2.3.1 Seed size 
The dry weights of seeds are presented in Table 2.4. Seed size was not closely related 
to successional status for these species. The expected small seed size was not observed 
for early-successional U. europaeus while the later-successional C. serratus and M. 
ramiflorus have comparatively light seeds (Table 2.4 and Fig. 2.3.). 
Table 2.4 Dzy weight of seeds from a range of early- and late-successional species 
(mean and sem for twenty seeds). 
Species Dry weight (mg) of 20 seeds 
(mean± sem) 
Ulex eurovaeus 144 ±1.50 
Kunzea ericoides* 4 
Covrosma robusta 116 ±3.00 
Carpodetus serratus 10.5 ±0.34 
Pittosvorum euRenioides 136 ±3.90 
Melicytus ramifforus 21 ±0.55 
* estimate only see section 2.2. 
Fig 2.3 Dzy weight of single seeds of a range of species. Early-successional species 
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0 
U/ex Kunz ea 
europaeus ericoides 
1 from Wardle 1991 
Coprosma Carpodetus Pittosporum Griselinial Melicytus 
rob us ta s erratus eugenioides littoralis ram iflorus 
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2.3.2 Germination at varying light levels 
Levels of germination in response to three different light levels, green light and 
darkness are given in Table 2.5 and Fig 2.4. Further details of the light regimes are 
given in Section 2.2.3. 
Table 2.5 
~ 
Percenta&e &ermination of seeds given different li~ht treatments at 7 4 
(Numbers followed bvthe sarreletterin a row are not si ,,int·" tlvdiflerent, Rvans-0 o>0.05) 
Species dark 1rreen low medium high 
Ulex eurovaeus 92% A 66% B 44% BC 24% C 62% 
Kunzea ericoides 40% B 78% A 79% A 77% A 70% 
Covrosma robusta 0% C 11% B 82% A 83% A 75% 
Carpodetus serratus 0% B 0% B 51% A 58% A 35% 
Pittosvorum euJ?enioides 40% A 17% A 21% A 16% A 20% 
Griselinia littoralis 98% A 86% A 94% A 97% A 96% 








Four patterns of response to light were observed. In the first pattern (Carpodetus 
serratus and Coprosma robusta) germination was significantly lower both in the dark 
(no germination) and under green light when compared to germination in high, medium 
or low light There was no significant difference in germination between the high, 
medium and low light treatments but germination tended to be lowest at high light 
These germination responses would prevent germination at depth or under a canopy. 
In the second pattern (Kunzea ericoides,and Melicytus ramiflorus) germination is 
reduced in the dark but not under green light As for the previous species, there was no 
significant difference in germination in response to high, medium and low light 
Germination in the dark was still more than half of that in full light The use of a green 
"safe" light for the measurement of germination complicates the interpretation of this 
result. While it is certain that germination is reduced in the dark, it is possible that any 
germination observed in the dark treatment was in response to the low levels of green 
light received during watering and recording of germination. This is discussed further 
when rates of germination are presented later in this section. Fewer seeds (or possibly, 
no seeds) would germinate if seed of these species was buried in soil. However, they 



























































Germination of seeds in response to three different light levels, green light 
and darkness 













dark green low medium high 













dark green low medium high 












dark green low medium high 
d) Carpodetus serratus 



















e) Plttosporum eugenio/des 
dark green 
f) Mel/cytus ramif/orus 
dark green low medium high 
g) Grise/in/a /ittoralis 







= o µ mol m-2 
= 27 µmol m-2 
= 40 µ mol m-2 
= 100 µ mol m-2 
= 400 µ mol m-2 
tviore detail of light regimes 
is given in Section 2.2. 
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The third pattern, (Griselinia littoralis and Pittosporum eugenioides) is one in which 
gennination did not differ significantly between any of the experimental treatments. As 
gennination was not reduced either by green light or in the dark, these species do not 
appear to use their response to light to prevent gennination at depth or under a 
canopy. For Pittosporum eugenioides, gennination was highest in the dark treatment. 
This could be an indication of induced dormancy in response to high light. 
Ulex europaeus displayed a pattern, different to that for any of the native species. 
Highest germination was observed in the dark, followed by green light, high light, low 
light and medium light It is difficult to interpret the differences between high, medium 
and low light as adaptations to specific light environments in isolation. The reduction 
in gennination in the light treatments when compared with the dark treatment is likely 
to be an adaptation to prevent germination on the surface where the large seeded gorse 
may dry out. It seems more likely that for the hard-coated gorse seed conditions such 
as fluctuating temperatures that may crack the seed coat would be more important as 
cueing mechanisms than differences in light level. 
2.3.3 Rate of germination 
The time for an average seed to germinate is presented in Table 2.6. 
Table 2.6 Time {days) for average seed to germinate in different light treatments 
(calculated at 7 4 days) 
t,.J.vU,.U.lL,,.lJ.\,O VY.U.lJ. l,J.n..., i:>(UJ.A.,, A,.,Ll.,V.1.t.:J .LU. U..LV YY &.U.V .1..1.VI, oJ.).1111 H A w.._y \..1..1..LLV.l.VJ.U,. \.1..'-.:f'-U.~'-,l' µ......-v.V.J) 
Species dark green low medium high 
Ulex europaeus 26 B 36 BC 43 AB 45 AB 50 
Kunzea ericoides 44 A 34 B 22 C 24 C 24 
Coprosma robusta >74 50 A 36 B 34 B 33 
Carpodetus serratus >74 >74 46 A 44 A 52 
Pittosporum eu}?enioides 17 A 23 AB 29 A 25 A 31 
Griselinia littoralis 8 B 12 AB 12 AB 10 AB 14 








Order of species based on the average time for a seed to genninate was Carpodetus 
serratus > (U. europaeus = Coprosma robusta) > (M. ramijlorus = K.ericoides) > 
P.eugenioides > G. littoralis. Rate of germination did not vary between light 
treatments for Coprosma robusta, Carpodetus serratus and M.ramijlorus. 
Gennination was f,1s+e ... · in the dark for U.europaeus, G.littoralis and P. eugenioides 
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but s\c.r..uc.rin the dark for K.ericoides. These values underestimate the time taken for 
an average seed to genninate. More seeds genninated in some treatments that 
continued until day 113. 
2.3.4 Viability under unfavourable conditions 
For all the species in which gennination was reduced by green light or dark conditions, 
a return to high light conditions resulted in increased gennination. After 7 4 days in 
unfavourable conditions seeds had not lost their viability. Germination in the dishes 
moved from the dark or green treatments into high light was not significantly different 
from those that had been in the high light treatment for the entire 113 days (T-test 
p>0.05). For K. ericoides, C. robusta and M. ramiflorus gennination of seeds in the 
transferred dishes was faster than for dishes that had originally been placed under high 
light (p<0.05) . The slower gennination rate of C. serratus meant that too few seeds 
had yet genninated when the experiment ended to assess either rate or final percentage 
gennination for dishes moved from dark and green treatments into high light 
There is a difference between the patterns of gennination with time in the dark for M. 
ramiflorus (Fig 2.5) and K. ericoides (Fig 2.6). For M. ramiflorus in the dark, there is 
some initial germination at a similar rate to the high light treatment. This ceases after 
40 days but proceeds rapidly after transferring to high light This suggests that either 
the dark treatment gradually induces dormancy in M. ramiflorus or only a portion of 
the seed is light sensitive. For K. ericoides gennination in the dark is delayed when 
compared with the high light treatment. After thirty days, gennination in the dark 
gradually increases. This could be explained by a gradual breaking of dormancy as the 
result of short exposures to low levels of green light. 
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2.3.5 Emergence from gorse litter 
The number of seedlings emerging in the litter experiment was strongly influenced by 
species, depth of burial and the interaction between these two factors (p<0.001). The 
species in order from highest to lowest levels of emergence were U. europaeus > P. 
eugenioides > M. ramiflorus > K. ericoides = Carpodetus serratus. Emergence 
decreased with increasing depth of burial, (not buried > buried to 1.5 cm > buried to 4 
cm). While there was no overall difference between the wet and dry treatments 
(p>0.05) there was a highly significant interaction between depth and water (p<0.001). 
This was due to an increase in emergence under wet conditions on the surface and a 
decrease in emergence due to wet conditions for seeds buried under 4 cm of litter. 
The percentage of seedlings establishing under the different watering and burial 
treatments is shown for each species in Fig 2.7. Burial did not effect the emergence of 
U. europaeus seedlings except when seeds were buried under 4 cm of litter and kept 
wet. Under these conditions emergence was reduced to 54%. The highest percentage 
(84%) of seedlings of Pittosporum eugenioides established when seed was buried 
under 1.5 cm of litter. On the surface establishment was reduced under dry conditions 
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There was a significant effect of depth of litter on establishment of M. ramiflorus 
seedlings (p<0.001). Seventy-five percent of seeds germinated and established on the 
surface, 63% of seeds produced seedlings that emerged from 1.5 cm of litter and only 
9% of seed produced seedlings that emerged from 4 cm of litter. As for seedlings 
overall, there was a tendency for more M. ramiflorus seedlings to establish on the 
surface under moister conditions but for more seedlings to emerge from 4 cm of litter 
under dryer conditions. C. serratus also showed a significant reduction in emergence 
with depth of litter (p<0.001). Forty-four percent of seeds on the surface germinated 
and established, 8% of seeds produced seedlings that emerged from 1.5 cm of litter but 
no seedlings emerged when seed was buried under 4 cm of gorse litter. Wetter 
conditions favoured the establishment of C. serratus (p<0.05). Depth of burial had a 
highly significant effect on the establishment of K. ericoides seedlings (p<0.001). 
Levels of seed germination were high when seeds were placed on the surface and were 
increased by wet conditions. The only other treatment in which any K. ericoides 
seedlings established was when buried under 1.5 cm of litter and kept wet 
2.3.6 Rate of emergence 
The average length of time required for a seedling to emerge was also significantly 
affected by species, depth of burial and the interaction between these factors 
(p<0.001). Species in order of time to emerge are U. europaeus < P. eugenioides < K. 
ericoides = M. ramiflorus < C. serratus. Averaged over all species seedlings emerged 
more quickly from 1.5 cm of litter than 4 cm of litter but neither of these times were 
significantly different from the intermediate length of time required for establishment 
on the surface (p>0.05, Ryans Q for comparisons of means). U. europaeus, M. 
ramiflorus and P. eugenioides all showed significant differences in length of time to 
emerge from different depths of litter (p<0.05) (see Table 2.7). 
Table 2.7 Averaiw lenfrth of time for a seedling to emeriw through litter {days) 
treatments with the same letter in a row are not significantly different 
(Ryans Q, p> 0.05) 
Species Depth of burial (cm) 
0 1.5 4 
U. eurovaeus 22.4 (AB) 20.l (B) 26.2 (A) 
K. ericoides 40.7 > 110 > 110 
C. serratus 52.9 (A) 57.2 (A) > 110 
P. euf!enioides 32.7 (B) 29.7 (B) 38.1 (A) 
M. ramiflorus 32.3 (C) 39 (B) 57.5 (A) 
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2.4 DISCUSSION 
As the results in Section 2.3 have shown, seed and germination characteristics were 
not predictable on the basis of successional status. A principal components analysis 
was used to examine the characteristics as a group. On the ,ift of the major axis of the 
ordination are species with large seeds that can emerge from deep litter and do not 
have a light requirement for germination (Fig 2.8 and 2.9). The second axis separates 
species on their ability to germinate in green light Early and late-successional species 
did not group together as Ulex europaeus had most of the characteristics typical of a 
late-successional species. 
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2.4.1 Seed size 
Seed size did not appear to be determined by successional status for the species studied 
(Fig 2.3). Many other seed characteristics are thought to be related to seed size. Small 
seed size has been associated with the ability to disperse long distances (Fenner 1985). 
Small seeds have also been found to be incorporated into seed banks more easily 
(fhompson and Grime 1979 ). A light requirement for germination has been associated 
with small seeds as it would prevent them from germinating at a depth in the soil where 
they would not have sufficient reserves to reach the surface (Pons 1992). In a similar 
way the ability to emerge through litter would rely on the existence of seed reserves 
that would be absent in small seeds (Pacelli and Pickett 1991). Given the independence 
of seed size and successional status and the proposed relationships between seed size 
and many of the other seed characteristics studied, it is interesting to examine whether 
differences between many of the other seed characteristics and those predicted on the 
basis of their successional status can be explained by their seed size. Due to the small 
number of species studied these comparisons are presented by way of graphs and a 
discussion rather than on the basis of statistical correlations. 
2.4.2 Light requirements for germination 
Response to light varied between species but was not closely related to successional 
status. Early-successional U. europaeus showed a reduction in germination at high 
light levels when compared with germination in the dark while K. ericoides appeared 
to have a light requirement for germination. Among the late-successional species, 
germination was reduced in high light for P. eugenioides, neutral to different light 
levels for G. littoralis and had a light requirement for the remaining species. The 
reduction in germination in response to high light for U. europaeus and the light 
requirements of some of the late-successional species are not those that would be 
predicted on the basis of their successional status. 
Whether a species has a light requirement or shows reduced germination in response to 
high light can be predicted on the basis of seed size. Fig 2.10 illustrates the relationship 
between seed size and light requirement. All species above the y-axis have a light 
requirement while all species below the y-axis show reduced germination in response 
to high light Small seeded species were not able to germinate in the dark while large 
seeded species could. Inhibition of germination at high light only occurred in large-
seeded species. The exception is Coprosma robusta which has a comparatively large 
seed with a light requirement. This is better explained by C. robusta's successional 
status. C. robusta can be more aptly described as a gap or bush margin coloniser than a 
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late-successional species. Its light requirement would be an adaptation that would 
ensure germination in gaps. 
Fig 2. 10 Relationship between light requirements for germination and seed size 
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2.4.3 Tolerance of litter 
Ability to tolerate deep litter is not closely related to successional status. Early-
successional U. europaeus has the highest level of emergence through its own litter, 
followed by late-successional P. eugenioides. Late-successional Carpodetus serratus 
and M. ramijlorus and the early-successional K. ericoides are unable to tolerate deep 
litter. For the species studied, ability to establish in the presence of deep litter (four 
cm) can be largely explained by the size of the seed (Fig 2.11). The small seeded 
species could not emerge through 4 cm of litter while larger seedlings could. 
Inability to germinate in the dark could also explain the inability for seedlings to 
emerge through deep litter. The small seeded species studied K. ericoides and 
Carpodetus serratus may have failed to germinate due to very low light levels under 4 
cm of litter or failed to emerge due to lack of reserves in the seed. While the larger 
seeded species, P. eugenioides and U. europaeus were able to both germinate in the 
dark and had larger seed reserves, thus allowing them to emerge through 4 cm of litter. 
The intermediate-sized, M. ramijlorus seed displayed levels of dark germination and 
emergence from litter, intermediate between the small and large seeded species. 
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These explanations tend to be complementary as ability to germinate in the dark is also 
related to seed size as illustrated in Fig 2.10. 
Fig 2.11 Relationship between ability to emerge from litter and seed size 
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2.4.4 Seed size and relative growth rate 
Seed size has been linked with characteristics of the seedling as well as the seed. Many 
studies have found a negative correlation between seed size and relative growth rate 
(Shipley and Peters 1990b). However, as in the current study, the relationship is often 
weak (Fig 2.12) and a range of other factors have been proposed to explain variation in 
relative growth rate. Variation in relative growth rate has been discussed in Section 
3.4. 
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Fig 2.12 Relationship between RGR and seed weight 
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2.4.5 Do differences in seed characteristics provide an explanation for species 
replacement? 
This discussion concentrates on whether the open environment early in a succession 
would favour the germination and establishment of early-successional species over 
late-successional species and whether the presence of a canopy and the build up of 
litter would favour the reverse. 
None of the species studied showed any significant increase in germination when 
exposed to light levels typical of a small clearing rather than a forest under-storey. 
However, there were indications that dry conditions in the absence of litter would 
reduce the germination in the open of all the late-successional species and also the 
early-successional, K. ericoides. Germination of U. europaeus was unaffected by these 
conditions and appeared to be the species best adapted to establishment in the open. 
The other two early-successional species studied, C. robusta and K. ericoides show no 
obvious adaptation to establishment in the open for the characteristics studied. 
However, the inability of C. robusta to germinate under green light and the inability of 
K. ericoides to emerge through litter would prevent them establishing under more 
closed conditions. The smaller seeded, late successional-species C. serratus and M. 
ramiflorus were also detrimentally affected by deep litter and for C. serratus, green 
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light On the basis of the characteristics examined, the early-successional U. 
europaeus, and the late-successional P. eugenioides are the best adapted to conditions 
common later in a succession. 
Despite the lack of a close relationship between successional status and the 
generalisations of seed characteristics predicted for early and late-successional species, 
this study still provides a partial explanation for the replacement of early-successional 
species. K. ericoides would not establish well under an established canopy. However, 
this does not apply to U. europaeus, which on the evidence for seed characteristics and 
germination alone, would appear capable of replacing itself 
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CHAPTER 3: GROWTH OF EARLY- AND LATE-
SUCCESSIONAL SPECIES IN RESPONSE TO A RANGE OF 
LIGHT LEVELS 
3.1 INTRODUCTION. 
Generalised differences between early- and late-successional species in their growth 
potential and their shade tolerance have long been recognised (Bazzaz 1979). These 
have been put forward as central to an explanation for species replacement during 
successions (Huston and Smith 1987). In this chapter I examine a range of growth 
parameters for Kunzea ericoides, Coprosma robusta, Griselinia littoralis, Carpodetus 
serratus, Pittosporum eugenioides, Melicytus ramiflorus and Ulex europaeus and 
investigate whether their performance conforms to generalisations based on the 
successional status of the species. In Chapter 6, this information is applied to the study 
of succession from gorse to broad-leaf forest. 
In the following sections, the generalised differences between early- and late-
successional species in terms of size, growth rates, biomass allocation and 
photosynthesis are outlined. How well the performance of the study species conforms 
to these generalisations is then discussed. The successional status of the above species 
was discussed in Section 1.5. The emphasis of the chapter is on growth in response to 
different levels of light (photosynthetically active radiation) and, in particular, the effect 
that different responses to light may have on competitive ability. 
3.1.1 Size 
The relative size of seedlings can be both a determinant of competitive ability and an 
indicator of the outcome of competition (Huston and Smith 1987). Taller plants can 
avoid shading by their neighbours and can capture more light. As plants establish 
following a disturbance, a small increase in height could determine whether a plant 
stayed above the establishing canopy. In this way a small increase in height could be 
associated with a large increase in resources for an early-successional plant. However, 
for the seedling of a late-successional species growing under a tall canopy, the profile 
of light availability with height is very different Only a large increase in height would 
enable it to reach higher light levels. For this reason, height growth in response to 
shading would be expected to be important for early-successional plants (i.e. shade 
avoidance) while tolerance of shade is more important for late-successional tree 
seedlings (Grime and Jeffrey 1965). 
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Other aspects of size may also be important in determining the competitive ability of a 
plant. A bigger plant, which has been able to convert more resources into biomass and 
a high leaf area would be more effective in shading smaller plants. 
However, absolute size is not entirely a species characteristic. It can be determined by 
factors including differences in seed size, timing of establishment, and relative growth 
rates. Seed size was discussed in the previous chapter on germination. In this chapter 
the emphasis will be on aspects of relative growth rate that are characteristic of a 
species and are relevant to a wide range of situations. 
Generalisations that have been made regarding growth potential at high light levels, the 
ability to maintain growth at lower light levels and plasticity in response to change in 
light level are briefly summarised in Table 3.1. 
Table 3.1 Physiolo&ical and Life-Histm;y Characteristics of Early- and Late-
Successional Plants (modified from Huston and Smith (1987)) 
Characteristic Early Succession Late Succession 
Growth and Morphology 
relative growth rate rapid slow 
root-to-shoot ratio low high 
Photosynthesis 
light-saturation intensity high low 
light-compensation point high low 
efficiency at low light low high 
photosynthetic rate high low 
plasticityl high low 
respiration rate high low 
1 Bazzaz and Carlson (1982) 
3.1.2 Relative growth rate (RGR) 
Early-successional species have a higher maximum RGR than late-successional species 
(Bazzaz 1979). While higher respiration rates and compensation points might imply 
that early-successional species have lower growth rates than late-successional species 
at low light, growth analysis studies do not support this. Some studies show no 
difference between the RGRs of early- and late-successional species at low light levels 
39 
(e.g. Pons 1977) while in others early-successional species have a higher RGR than 
late-successional species ( Walters et al 1993, Kitajima 1994). 
There are two major components determining relative growth rate: leaf area ratio 
(LAR) i.e. the amount of leaf area per unit total plant weight and net assimilation rate 
(NAR) i.e. the rate of increase in plant weight per unit leaf area (Bjorkman 1981). 
3.1.3 Leaf area ratio 
Overall, LAR has been found to be more closely correlated with RGR than NAR 
(Poorter 1989). Changes of biomass allocation or morphology which increase the 
amount of leaf area per unit of plant weight provide one way of increasing RGR. An 
increase in LAR in response to shading enables a plant to maintain a high RGR despite 
reductions in photosynthetic rate. This pattern has been shown for a range of tree 
seedlings (Loach 1970, Walters et al 1993). For the same reason it would be expected 
that, when grown under the same conditions, species which naturally occur in shaded, 
late-successional environments would exhibit a higher LAR than species naturally 
occurring in high light environments (Kitajima 1994). However, if natural selection 
favours a high defence and storage allocation in a shaded environment, then late-
successional species would exhibit a lower LAR than early-successional species 
(Kitajima 1994). 
LAR is made up of two components : specific leaf area (SLA, i.e. the amount of leaf 
area per unit leaf weight) and leaf weight ratio (L WR, i.e. the fraction of total plant 
biomass allocated to leaves) (Lambers and Poorter 1992). The major cause of the 
increase in LAR at lower light levels is an increase in SLA. This can be due to a 
reduction in components of photosynthetic systems which govern the rate of 
photosynthesis at high quantum flux density and a decrease in leaf thickness. SLA is 
also increased by a reduction in the storage of sugar and starch in the leaf and larger 
cells with less secondary thickening (Bjorkman 1981). To a lesser extent LWR 
increases with shading. This is usually at the expense of root growth. 
Early and late successional species do not show consistent differences in SLA or LWR 
(Ellison et al 1993, Bjorkman 1981). As the environment early in a succession is more 
variable, plasticity would have advantages in this environment In some studies, early 
successional species have been. found to be more plastic in their morphological 
response to changing light levels (Bjorkman 1981, Lambers and Poorter 1992). 
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3.1.4 Net assimilation rate 
When comparing sun and shade species, differences in net assimilation rate (NAR) 
have been found to be closely correlated with RGR (Poorter 1989). A high NAR 
could result from a high rate of photosynthesis, a low dark respiration rate and/or a 
large investment in photosynthetic vs. non-photosynthetic components for a given leaf 
area (Bjorkman 1981) and is characteristic of sun plants. 
Photosynthetic light response curves 
Any growth is ultimately reliant on CO2 capture by photosynthesis. For this reason, 
many early studies looking at species adaptation to high or low light environments 
emphasised photosynthetic response curves (Komer 1991). 
Classic photosynthetic light response curves show greater maximum photosynthetic 
rates, higher light saturation, lower light compensation points and lower 
photosynthetic efficiency at low light levels and the higher compensation point in early-
successional species than in late-successional species. 
Fig 3.1 Idealised light saturation curves for early-, mid-, and 
late-successsional plants <Figure 2 from Bazzaz 1979). 
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Differences in light compensation point result from differences in respiration rates and 
the efficiency of photosynthesis at low light levels. The Lrriti.al slope of the light 
response curve represents the efficiency of utilisation of light This is detennined by 
the efficiency of absorption of light and quantum efficiency i.e. the efficiency of 
utilisation of the light absorbed (Pons 1977). As quantum efficiency varies little 
between species under constant conditions, the initial slope of the photosynthetic curve 
is largely determined by variation in absorption of quanta. The efficiency of light 
absorption depends in part on the chlorophyll content of the leaf. A number of studies, 
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in which chlorophyll contents of early and late successional tree species have been 
compared, have found an increase in chlorophyll content on a weight basis with 
decreasing light level ( Loach 1967, Read 1985, Wayne and Bazzaz 1993). This could 
be explained by a higher SLA and a constant chlorophyll content on an area basis. 
Loach (1967) expressed chlorophyll contents on both a weight and an area basis and 
showed that chlorophyll content also showed an increase on an area basis. The increase 
on a weight basis was in part the result of an increased SLA as the increase was larger 
than that on an area basis. Increases in chlorophyll content on an area basis with 
decreasing light level have also been found in other studies (e.g. Thompson et al 1992). 
No consistent difference is found between the chlorophyll content of early- and late-
successional species. However, deep shade may lead to a reduction in chlorophyll 
content in some early-successional species while high light levels may result in a similar 
reduction for late-successional species (Bjorkman 1981). 
Shade tolerant plants have a low rate of dark respiration. This is thought to be due 
both to regulation of respiration, based largely on demand for ATP, and a lower 
investment in the respiratory system (Bjorkman 1981). 
At higher light levels, light becomes saturating and the light response curve reaches a 
plateau as other factors become limiting. These factors can include CO2, temperature 
and levels of the enzyme ribulose bisphosphate carboxylase oxygenase (RUBISCO). 
The higher rate of photosynthesis at high light levels for early successional species 
can be largely attributed to a higher investment in photosynthetic components. In 
particular early-successional species have a higher capacity to synthesise RUBISCO 
and other enzymes in the photosynthetic pathway. This capacity and thicker leaves 
result in a higher level of protein, for a given leaf area, in leaves of early-successional 
species when compared to leaves of late-successional species (Bjorkman 1981). 
3.1.5 Light acclimation 
Greater variation in light in an early-successional environment has led to the prediction 
' that early-successional plants will have higher physiological flexibility with respect to 
the light environment (Bazzaz 1979). This has been demonstrated to occur (Bazzaz 
and Carlson 1982). Early-successional plants show a reduced maximum rate of 
photosynthesis and a lower light compensation point if they are grown at low light 
levels (Bjorkman 1981). However, late-successional plants do not have the ability to 
increase maximum rates of photosynthesis if grown at high light levels. To be seen as 
adaptive, acclimation must result in a plant having a greater photosynthetic rate at the 
light level it is acclimated to, than it would have had if it had been acclimated to any 
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other light level (Givnish 1988). Givnish recommended expressing photosynthesis on a 
mass rather than an area basis in studies of acclimation to allow for the costs of 
production of leaf material. These costs vary between sun and shade leaves. High rates 
of photosynthesis are associated with a high cost of leaf production due in part to a 
greater investment in components of the photosynthetic pathways. 
3.1.6 Predictions based on successional status 
From the generalisations regarding growth in response to different light levels of early-
and late-successional species, and the information regarding the successional status of 
the study species, it is possible to make predictions regarding the growth responses of 
these species. As very few of the studied species conform exactly to the classical view 
of early- or late-successional species (see Section 1.5) it will be of particular interest to 
observe whether the generalisations developed under different circumstances apply. 
The ability to avoid shade by increasing height should be greater in the early-
successional Ulex europaeus and Kunzea ericoides than the later-successional 
Pittosporum eugenioides, Griselinia littoralis and Melicytus ramiflorus. Relative 
growth rate at high light levels should decrease from U. europaeus to M. ramiflorus 
while RGR at low light levels should vary less between species. Photosynthetic rates 
and respiration rates at high light levels should decline from U. europaeus to M. 
ramiflorus. Plasticity of photosynthesis, or ability to acclimate should be greatest for 
U. europaeus and lowest for M. ramiflorus. Higher LARs for late- successional 
species would give support to the hypothesis that natural selection favours seedlings 
that can maximise capture of resources at low light levels while lower LARs for late-
successional species would give support to the hypothesis that selection favours 
seedlings that make a high allocation to defence to increase survival in the shade. 
3.1.7 Experimental outline 
The predictions outlined above were tested by growing the study species at a range of 
light levels and measuring absolute size, relative growth rates and a range of 
parameters concerning biomass allocation and photosynthesis. Light levels used ranged 
from those typical of a clearing to those found under a dense canopy. The number of 
study species and light levels made the experiment too large to set up in available space 
in the glasshouse so two different experiments were carried out. In the first, the full 
range of species were grown outside in small shade-houses (multi-species experiment). 
Three of these species, representing a range from early-late successional were grown in 
a second experiment in the glasshouse where watering regimes could be controlled. 
These plants were used for more detailed photosynthetic experiments. 
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3.2 METHODS 
3.2.1 Plant material 
Seedlings were grown from seed. Seed was collected in the autumn of 1993 and 
germinated in petri dishes. Storage and pre-treatment prior to germination are 
described in the preceding chapter on germination (Section 2.2). Seedlings were 
planted in a seed tray of potting mix two to three days after germination. Plants were 
repotted in individual pots as they became too big for seed trays. Before assigning to 
treatments, plants were again transplanted into 10cm3 containers filled with half sand, 
half potting mix. 
3.2.2 Light treatments 
The maximum light level was determined by the effect of surrounding buildings and 
vegetation. Lower light levels were achieved by the use of shade frames and mutual 
shading between treatments. A quantum sensor (Li-Cor 190SB) was used to record 
the light level at the height of the top of plants in each treatment and this was 
compared to a measurement taken at a height of one metre in the middle of an 
adjoining lawn (full light). Light levels were measured for a minute and are expressed 
as a percentage of full light Light readings were taken on overcast days. 
3.2.3 Multi-species experiment 
Four different light treatments were imposed ranging from 70% of full light (the 
maximum possible and equivalent to a clearing) to 2% of full light (equivalent to a 
dense forest canopy) (See Appendix3 for light levels measured at the field site). Light 
levels measured for each treatment are given in Table 3.2. Light levels were assigned 
to positions in the study area, at random within the constraints imposed in achieving 
the desired light levels as shown in the layout in Fig 3.2. For the multi-species 
experiment, 32 individuals of each species, as similar in size as possible, were selected 
and their height and diameter measured. On Dec. 19th plants were placed outside and 
randomly allocated to eight replicates of four different light levels. Fig 3.3 illustrates 
the plants at the beginning of the experiment, their heights are given in Table 3.3. 
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Table 3.2. Light levels at which plants were grown in multi-species experiment 
Light level (% full light) 
) 
mean±s.e.m 
2% ± 0.17 
11%±0.76 
44% ±2.50 
70% ± 1.20 
) 
Fig 3.2 Layout of Light Levels in Multi-species Experiment 
) 







Table 3,3, Average height Cmean ± s,e.m) for species in each light treatment at the 
start of the multi-species experiment 
Heiaht(cm) 
Soecies 2% liqht 11% liaht 44%1iaht 700,{, liqht 
U. eurooaeus 9.9 ±0.58 8.4 ±0.60 7.56 ±0.90 8.31 
K. ericoides 8.7 ±0.83 11.5 ±0.78 10.21 ±0.76 9.25 
C. robusta 10. l ±0.78 8.3 ±0.42 8.75 ±0.48 8.13 
C. serratus 2.6 ±0.28 2.7 ±0.41 2.6 +0.32 2.6 
P. euaenioides 4.5 ±0.34 5.9 ±0.38 5.63 ±0.23 5.25 
G. littoralis 4.4 ±0.37 4.5 ±0.27 4.44 ±0.35 4.44 








The height of eight to ten additional individuals of each species were measured before 
drying the plants at 1050c to provide initial measurements for determining relative 
growth rates. 
After 10 weeks, photosynthetic rates and chlorophyll contents were measured before 
plants were harvested for measurements of growth and biomass allocation. Detailed 
methods are given later in this chapter. 
3.2.4 Glasshouse experiment 
Three light treatments were imposed, 33% of full light ( the highest level possible in 
the glasshouse ), 11 % of full light (comparable to a moderately dense gorse canopy ) 
and 2% of full light ( comparable to a dense forest canopy). Actual light levels 
measured for each treatment are given in Table 3.4. 
Table 3.4, Light levels at which plants were grown in the glasshouse 















Fi& 3.4 Layout of a section of the &lasshouse experiment 
~ ~··· '~, ·~ ~ 
, j 
, · .. ' ..VJ ,r , 
Two watering regimes were imposed on plants. For the dry treatment, plants were 
watered every two to three days when the soil surface was dry. In the wet treatment, 
petri dishes placed under the containers were kept full to prevent the soil at depth from 
drying out between waterings. 
The height of 48 plants of each species were measured before they were randomly 
allocated to six replicates of each of the six treatments (3 light x 2 water) on 
November 17 1993. The layout is illustrated in Fig 3.4 and heights listed in Table 3.5. 
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Table 3.5. Heights (mean + s.e.m.) for species in each light treatment in the 
glasshouse experiment 
Heiaht in cm 
Soecies Water 2% liaht 11% liaht 33% liaht 
U. eurooaeus wet 5.4 +0.37 4.7 +0.42 4.3 
U. eurooaeus dry 5.1 ±0.42 4.7 +0.25 4.8 
P. euaenioides wet 6.6 +0.27 6.1 +0.33 6 
P. euaenioides dry 7.2 +0.75 6.1 +0.47 6.2 
M. ramiflorus wet 4.8 ±0.25 4.9 +0.19 4.9 







As for the multi-species experiment, eight to ten additional individuals of each species 
were dried at 10soc to provide initial measurements for determining relative growth 
rates. 
After 30 days, broken vents in the glasshouse resulted in it over-heating (maximum 
temperature =530C). Fourteen plants died. The majority of plants that died were M. 
ramiflorus and P. eugenioides seedlings from the high light treatment. Each of the 
fourteen plants were replaced a week later. Individuals with a similar height to the 
replacement plants were harvested to provide an initial dry weight for determining 
relative growth rates. 
Twelve weeks after the experiment was set up, photosynthetic rates and chlorophyll 
contents were measured for all the plants from the dry treatments. All individuals from 
both watering regimes were then harvested to determine growth rates and biomass 
allocation. 
3.2.5 Photosynthetic rates 
Measurements were made in a growth cabinet using a LICOR- 6200 portable 
photosynthesis system. By switching on different numbers of the metal halide lamps 
(Phillips HPI-T 250-400W) in the growth cabinet it was possible to measure 
photosynthesis at a range of light levels. With all the lights switched on, the light level 
at the height at which photosynthetic measurements were made was 610 µmol photons 
m-2s-1 and 639 µmol photons m-2s-1 for the multi-species and glasshouse experiment 
respectively. Photosynthetic measurements were made on leaves from near the tip of 
48 
the plant and the same leaf was re-measured at each light level. At least half an hour 
was allowed for acclimation to the lower light level before re-measuring. A mask was 
worn to prevent the build up of CO2 in the growth cabinet. The mask was removed 
periodically to replace CO2 used up by the plants throughout the day. CO2 levels were 
kept as close to 400 ppm as possible (data in Table 3.6.). This level was enough above 
ambient to allow for control as CO2 could be added but was only removed slowly by 
the photosynthesising plants. Leaf temperature was maintained at between 22 and 
230c for measurements. Despite temperature control facilities in the growth cabinet, 
changing light levels affected temperature in the growth cabinet. This was largely 
compensated for by changing the set temperature. The temperature inside the leaf 
chamber also tended to be higher during measurements at high light levels. This effect 
was minimised by cooling the chamber between measurements through shading and 
use of the chamber fans. At high light levels it was necessary to cool the chamber to 
below the desired temperature before commencing the measurement 
Table 3.6. Means and standard errors for light level. leaf temperature and CO2_ leYel 
for photosynthetic measurements for plants grown in the multi-species experiment 
Mean ±s.e.m 
Light (µmolm-2s-1) 0 55.6 ±o.87 203.7 ±3.18 609.5 ±5.6 
Leaf Temperature ( Oc) 21.97 ±o.l 22.1 ±o.11 22.l ±o.17 22.15 ±o.3 
CO? (ppm) 402.5 ±1.8 401.35 ±1.82 400 ±1.3 399 ±5.25 
Measurements were made at light levels averaging 610, 204, 56 and O µmol photons 
m-2. CO2 averaged 401.3 ppm but there was a significant increase in CO2 with 
reduction in light level (p<0.05). The difference between average CO2 levels at the 
highest light level (610 µmol photons m-2s-1) and the lowest light level (0 µmol 
photons m-2s-1) was 3.5 ppm. As the change in CO2 recommended during a 
photosynthetic measurement was 5 ppm (Licor Inc. 1987) change in CO2 seems 
unlikely to explain much of the variation in photosynthetic rates between light levels. 
The range in CO2 levels averaged for a given species at a given light level ranged from 
392- 412 ppm. Leaf temperature during measurements averaged 22.1 oc and did not 
vary significantly between light levels (p>0.05). 
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Table 3.7 Means and standard errors for light levels, leaf ten:werature and C02 levcl.. 
for photosynthetic measurements of plants grown in the glasshouse. 
-
' 
Light (µmol m-2s-1) 0 24.23 ±1.21 62.06 ±2.13 126.04 
Leaf Temperature (OC) 22.75 ±o.2 22.77 ±o.23 22.77 ±o.3 22.93 
CO?. 402 ±3.3 401 ±2.5 401 ±2.3 402 
Light (µmol m-2s-1) 207.8 ±6.7 392 ±6.4 639 ±10.8 
Leaf Temoerature (OC) 22.7 ±o.4 22.34 ±o.71 23 ±o.56 




Photosynthetic measurements were made at seven different light levels within the range 
from 639 µmol photons m-2s-1 to O µmol photons m-2s-1. CO2 did not vary 
significantly (p>0.05) between light levels but there was a small but significant 
difference (p<0.05) in leaf temperature of 0.70c between light levels. 
For light acclimation a comparison between the light levels at which photosynthetic 
readings were taken and the light levels at which plants were grown was needed. Light 
levels at which plants were grown were expressed as a percentage of full light Full 
light was assumed to be approximately 1800 µmol photons m-2s-1 (Coombs et al. 
1984). 
3.2.6 Chlorophyll content 
Chlorophyll was extracted in N,N-Dimethylformamide (DMF). The leaf area and mass 
of a small sample of leaf (approx. 1.5 cm2) was measured and placed in a test-tube. 
In the case of U. europaeus finely cut stem was used. Test-tubes were wrapped in 
aluminium foil and five mls of DMF was added. An equivalent sample was taken from 
each plant and dried to calculate a fresh weight: dry weight ratio. Extraction times of 
fourteen days were used as preliminary experiments showed that gorse tissue remained 
partially green for up to a week. Extraction was in the dark, at 40c, conditions under 
which chlorophyll is stable for at least 21 days (Moran and Porath 1980). Chlorophyll 
concentration (C) was then determined with a spectrophotometer (Shimadzu UV-120) 
and the following equations from Inskeep and Bloom (1985). 
Total chlorophyll : C= (17 .90 x A647) + (8.08 x A664.5) 
Chlorophyll a (chla): C = (12.7 x A664.s)-(2.79 x A647) 
Chlorophyll b (chlb): C= (20.7 x A647)-(4.62 x A664.s). 
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Total chlorophyll concentrations were then expressed on an area (mg m-2) and dry 
weight (mg g-1) basis and as a chla/chlb ratio. 
3.2. 7 Leaf area and dry weight 
Following photosynthetic and chlorophyll measurements, plants were separated into 
leaves, stems and roots. Leaf area was measured on fresh leaves using a leaf area meter 
(LICOR 3100). All plant parts were then dried for 48 hours at 1 os0 c. 
There were difficulties in accurately measuring leaf areas for gorse and kanuka. If 
separated from the stems the small K. ericoides leaves stuck to the plastic conveyer 
belt of the leaf area meter, and could not reliably be removed before being re measured 
and thus artificially increasing the measured leaf area. For this reason leaves were 
measured along with small sections of stem. The three dimensional, prickly nature of 
photosynthesising gorse stems made it impossible to measure the leaf area of large 
segments of gorse using the leaf area meter. Instead the projected area of twenty gorse 
shoots, collected from the field site, was measured by tracing their outline from an 
overhead projector. The area of these cut out outlines was then measured and used in 
calculating a regression of leaf area against dry weight. Leaf area (cm2) = (3.6 x dry 
weight (g) )2 (R2= 0.93). There are many sources of error in these calculations of 
leaf area for gorse. In particular those due to the differences between projected and 
actual area due to the three dimensional nature of the gorse stems. These make it likely 
that leaf area is underestimated for gorse. 
Other parameters were calculated from measurements ofleaf area (A), dry weight (W). 
RGR 
Leaf Area Ratio (LAR) 
Specific Leaf Area (SLA) 
LeafWeight Ratio (LWR) 
Stem Weight Ratio (SWR) 
Root Weight Ratio (RWR) 
Net Assimilation Rate (NAR) 
= (loge (W 2)-loge (W 1))/ (time2 - time1) 
= ~lant / W plant 
= ~lant I Wleaves 
= Wleaves / W plant 
= W stems I W plant 
= W roots I W plant 
on a weight basis (NAf\v) =((WrW1)/(trt1))x ((loge(W2)- loge(W1))/(Wi-W 1) 
on an area basis (NARa) = ((WrW1)/(trt1)) x ((loge (A2)- loge (A1))/(ArA1) 
As the leaf area of gorse had been calculated based on a relationship with weight this 
could not be used in the calculation of specific leaf area. Projected leaf area and 
weight had been measured for the small segments of gorse stem used in measurement 
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of chlorophyll content. These gave an estimation of SLA for small segments from the 
tip of gorse stems and showed a change in SLA with changing light level. These values 
alone could not be used as an estimate of SLA for the overall plant as SLA would be 
expected to be lower further down the stem where the surface to volume ratio would 
be lower. The relationship between weight and leaf area used in the calculations of leaf 
area would provide a good approximation of SLA at the high light level as they were 
from plants growing in the open. SLA for the lower light treatments was then 
estimated by maintaining the same ratio between light treatments as was established for 
the small tip sections but using the approximation of SLA from leaf area calculations 
for the highest light level. In effect this corrected for the fact that SLA would be higher 
in stem tips than for thicker segments of stem nearer the base. 
3.2.8 Data analysis 
Before analysing data, results from any sick or dying plants were removed. A plant was 
removed if its growth rate was less than half the next lowest replicate for that 
treatment. Only one plant was ever removed from any treatment. The large differences 
between measurements of these plants and other replicates suggests that their poor 
performance was not related to the treatment. As deaths were treated as missing 
values, this removal of sick plants ensured that they didn't reduce averages for growth 
rates and other parameters while the death of the plant would then result in an 
increase. After the removal of these plants, the analyses become a measure of the 
performance of the better adapted plants under each treatment. 
Analyses of Variance (ANOVAs) were carried out using the General Linear Models 
procedure of SAS (SAS Institute Inc. 1989). Before carrying out these analyses, 
variances were examined for equality. Where necessary, treatments were excluded 
from analyses to ensure equal variances (ratio of close to 4: 1 for the highest and 
lowest variances). Plots of residuals were tested for normality and where necessary 
data was transformed and the analysis re-run. Anova was used to test for effects of 
light, species and a light x species interaction for a range of parameters. Significant 
(p<0.05) effects were investigated further by an unplanned test of comparison of 
means (RyansQ) as recommended in Day and Quinn (1989) for pairwise comparisons. 
Tests of plasticity (e.g. the difference between RGR at 70% light and RGR at 2% 
light) were carried out using Kruskall-Wallis Nonparametric ANOVA and Dunns test 
for comparison of means, in the Instat programme (GraphPad 1993). Significant 
differences were investigated further using Dunn's multiple comparison test. Linear and 





Survival was high for all species and in all treatments in the multi-species experiment 
with the exception of Carpodetus serratus (fable 3.8) which had high mortality at 
11 % light or less (Fishers exact test, p<0.05). 
Table 3.8 Survival of plants in multi-species experiment 
number surviving out of 8 
Species 2% light 11% light 44%1ight 
Ulex europaeus 8 8 8 
Kunzea ericoides 7 8 8 
Coprosma robusta 8 8 8 
Carpodetus serratus 3 4 8 
Pittosporum eugenioides 8 8 8 
Griselinia littoralis 8 8 8 









Survival was also high in the majority of treatments in the glasshouse (fable 3.9). The 
exception to this was U. europaeus which showed significantly lower survival if 
seedlings were grown at 2% light (Fishers exact test, p<0.001). 
Table 3.9 Survival of plants in the glasshouse experiment 
number surviving out of 6 
Species Water 2% light 11% light 33% light 
Ulex europaeus wet 3 6 6 
Ulex europaeus dry 2 6 6 
Pittosporum eugenioides wet 6 6 5 
Pittosporum eugenioides dry 6 6 6 
Melicytus ramiflorus wet 5 6 6 
Me/icvtus ramiflorus drv 5 6 6 
The effects of different light levels on seedlings can be observed in the following 
photos. (Fig 3.5, a-g) 
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Fig 3.5: Effect of different light levels on growth form of seedlings in the multi-species experiment. 
a) Ulex europaeus (above) b)Kunzea ericoides (above) 
c) Coprosma robusta (below) d) Carpodetus se"atus ( below) 
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Fig 3.5: Effect of different light levels on growth fonn of seedlings <cont} 
a) Pittosporum eugenioides (above) 
c) Melicytus ramijlorus (below) 
V V V (.) 
b) Griselinia littoralis(above) 
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3.3.2 Height 
Height is a measure of ability to compete for light (Huston and Smith 1987). Heights 
measured at the time of harvest for the multi-species shade experiment show 
differences between species. At the highest light level (70% of full daylight), the two 
early successional species U. europaeus and K. ericoides were significantly taller 
(p<0.05) than other species measured (Fig 3.6). 
Light levels significantly affected height growth (p<0.0001). Plants grown at 
intermediate light levels ( 44% and 11 % of full daylight) were the tallest while plants 
grown under the lowest light level (2% of full daylight) were the shortest. Seedlings 
grown at the highest light level (70% of full daylight) were of an intermediate height 
The effect of light on height differed from species to species. While U. europaeus and 
K. ericoides show significant decreases in height between 11 % and 2 % of light, U. 
europaeus is still one of the taller species at 2% light C. robusta and M. ramiflorus 
achieve a similar height to U. europaeus at 2% light as they are taller at 2% light than 
at 70% light K. ericoides, G. littoralis and P. eugenioides when grown at 2% of full 
daylight are shorter than U. europaeus, M. ramiflorus and C. robusta. Height at the 
lowest light level is not closely related to successional status. lli.s can be explained by 
the fact that different growth strategies can result in plants with a similar height. At 
low light levels, a tall plant could be the result of either a large mass or of severe 
etiolation. Similarly, a short plant could be either tolerant of the low light or unable to 
capture enough resources to sustain itself. 
3.3.3 Mass 
Mass is one of the determinants of height and a measure of how well a plant has been 
able to capture and utilise resources to produce dry matter. At the highest light level, 
species in order of increasing mass were, G. littoralis < P. eugenioides < K. ericoides 
< M. ramiflorus < C. robusta < U. europaeus (fable 3.10). U. europaeus and C. 
robusta were significantly heavier than the other species. C. robusta and M. 
ramiflorus have the highest mass at 2% light They are significantly heavier than U. 
europaeus and P. eugenioides which are in turn significantly heavier than K. ericoides 
and G. littoralis. Final mass was not closely related to successional status at either 
70% or 2% light Mass differed significantly between light levels (p<0.001). Mass at 
2% light was markedly lower than at 70% light for all species. 
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Fig 3.6 Final height of seedlings grown at a range of light levels in the multi-species 
























a) U/ex europaeus 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
b) Kunzea ericoides 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
c) Coprosma robusta 
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d) Pittosporum eugenioides 
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Light level as a percentage of full 
light 
e) Griselinia littoralis 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
f) Melicytus ramiflorus 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
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Final mass is determined by initial mass and relative growth rate. In the multi-species 
experiment, initial mass differed significantly between species (P<0.05). As final size is 
a valid comparison, only for a specific experimental situation, further results will be 
presented using relative growth rates . 
.1.UV.LV .J•.L'- ..l.T.L'-"LJU '-UT TYV.l.C..11.1, U..L, .1..1.1,,f • .L Y VUI,, .LV..L .l..l.1.1,.,1...1..1,J.. LJUVV.LVU '-'I't..LJV.J...U..ll.V.1..1.1,. 
mean (g) (s.e.m) 
Species 2% light 11% light 44% light 700k light 
Ulex eurooaeus 0.14 (0.01) 1.14 (0.2) 1.60 (0.3) 2.85 (0.32) 
Kunzea ericoides 0.06 (0.01) 0.68 (0.08) 0.95 (0.17) 1.08 (0.21) 
Coprosma robusta 0.55 (0.09) 2.08 (0.39) 2.52 (0.23) 2.58 (0.22) 
Pittosporum eugenioldes 0.11 (0.02) 0.80 (0.17) 0.74 (0.14) 0.74 (0.73) 
Griselinia littoralis 0.05 (0.01) 0.29 (0.03) 0.41 (0.08) 0.48 (0.06) 
Melicytus ramiflorus 0.30 (0.05) 1.34 (0.23) 0.84 (0.14) 1.00 (0.08) 
3.3.4 Height : mass ratio 
As the above results show, there are differences in the ranking of species when mass 
rather than height is used as a measure of final size (e.g. K. ericoides is tall despite a 
low mass). This is the result of different height: mass ratios or the proportion of 
biomass a seedling invests in height growth. Height to mass ratios are presented in Fig 
3.7. At the highest light level species in order of increasing height to mass ratio were, 
Coprosma robusta < U. europaeus < M. ramiflorus < G. littoralis < P. eugenioides 
< K. ericoides. Coprosma robusta has a significantly lower height: mass ratio than all 
the other species (p<0.05) and U. europaeus and M. ramiflorus have a significantly 
lower height: mass ratio than K. ericoides (p<0.05). There is no consistent difference 
between the height to mass ratios at high light for early- and late- successional species. 
Height: mass ratios increased with decreasing light level for all species (note the log 
scale on Fig 3.7). At 2% light species in order of increasing height: mass ratio were 
Coprosma robusta < P. eugenioides < M. ramiflorus < G. littoralis < U. europaeus < 
K. ericoides. The early-successional species had a significantly higher height: mass 
ratio at low light (p<0.05). They also increased their height: mass ratio more as light 
level decreased. Species ranked in increasing order for, height: mass ratio at 2% light 
divided by height : mass ratio at 70% light were, U. europaeus < Kunzea ericoides < 
Coprosma robusta < G. littoralis < M. ramiflorus < P. eugenioides. The difference 
between U. europaeus and P. eugenioides was statistically significant (p<0.05 Dunns 
test). This data supports the generalisation that early-successional species will respond 
to shading by increasing the emphasis on height growth more than late-successional 
species. 
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Fig 3.7 Height to mass ratio of seedlings &TQwn at a range of light levels in the 
multi-species experiment {mean and s,e.m) 
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a) Ulex europaeus 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
b) Kunzea er/co/des 
. 2% 11% 44% 70% 
Light level as a percentage of full 
light 
c} Coprosma robusta 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
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cf) Pittosporum eugenloldes 
2% 11 % 44 o/o 70% 
Light level as a percentage of full 
light 
e) Grise/In/a llttoral/s 
11111!!!\I! 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
f) Mellcytus ramlflorus 
2% 11% 44% 70% 
Light level as a percentage of full 
light 
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3.3.5 Relative Growth Rate 
Graphs of relative growth rate at 70%, 44%, 11 % and 2% of full light are presented 
for each species in Fig 3.8. Species in order of increasing RGR at the highest light level 
(70%) are Melicytus ramiflorus < Carpodetus serratus < Coprosma robusta = 
Griselinia littoralis < Pittosporum eugenioides < Kunzea ericoides < Ulex europaeus. 
The RGR of gorse was significantly higher (p<0.05) than all other species with the 
exception of kanuka. Kanuka's average RGR at 70% light was high but varied 
markedly between individuals. The trend was for early-successional species to have 
higher growth rates at high light The rankings within later-successional species were 
not those predicted but differences between them were not significant 
There was a significant difference in RGR between different light levels (p<0.001). At 
2% light RGR was lower than at higher light levels. Species in order of increasing 
RGR at 2% light are Ulex europaeus < Griselinia littoralis < Coprosma robusta < 
Kunzea ericoides < Melicytus ramiflorus < Pittosporum eugenioides < Carpodetus 
serratus. Differences between the growth rates of species at 2% light were not large. 
Significant differences occurred between P. eugenioides, M. ramif[orus and the slower 
growing U. europaeus (p<0.05). High mortality for C. serratus overall, but particularly 
at low light levels makes interpretation of its high average growth rate difficult The 
lower RGR at 2% light for U. europaeus when compared to P. eugenioides and M. 
ramiflorus suggests an association between low growth at low light and early-
successional status. This association is not a strong one as K. ericoides has a higher 
growth rate and G. littoralis a lower growth rate than would be expected solely on the 
basis of successional status. 
The RGR of species responded to light in very different ways as shown by the change 
in rankings between 70% and 2% light levels (species x light interaction, p<0.001). U. 
europaeus and K. ericoides, the two fastest growing species at 70% light, showed a 
decrease in RGR between 44% and 11 % light They also showed a decrease in RGR 
between 11 % and 2% light Other species showed no significant decrease in RGR until 
the lowest light level. The difference between RGR at 70% light and RGR at 2% light 
was significantly higher for U. europaeus than P. eugenioides and M. ramiflorus 
(p<0.05, Dunns test). 
The highest growth rates of most species occurred at the highest light level. M. 
ramiflorus and C. serratus were an exception to this with their highest growth rates 
occurring at 11 % and 44% light respectively. However, except for U. europaeus, for 
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which RGR declined significantly between 70% and 11 % light, differences in growth 
rate between the three highest light levels were small and not statistically significant 
Fig 3.8 Relative growth rate of seedlings grown at a range of light levels in the 
multi-species experiment (mean and s.e.m) 
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RGR is made up of two components : Leaf area ratio (LAR) and Net assimilation rate 
on the basis of area (NARA), The relationships between these components and RGR 
were examined using data from the current study. Raw data represented each 
individual from the full range of species and light levels in the multi-species 
experiment LAR showed a weak negative relationship with RGR (R2=0.26) as shown 
in Fig 3.9. A range of non-linear equations, including the reciprocal of the best-fit 
curve for NARA were fitted but all fitted the data worse than the linear regression. 
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NARA showed a positive logarithmic relationship with RGR (R2 = 0.66) as shown in 
Fig 3.10. This indicates that a small increase in NARA at low NARA will result in a 
large increase in RGR while RGR is relatively insensitive to changes in NARA when 
NARA is high. When NAR is calculated as the increase in weight for a given unit of 
leaf weight rather than for a given unit of leaf area (NARw), the relationship between 
NARw and RGR is linear (Fig 3.11). NARw was a better predictor of RGR (R2 = 
0.80) than NARA, The relationship between NAR (on an area or a weight basis) and 
RGR is closer than that between LAR and RGR. 
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Fig 3.10 Relationship between RGR and NAR for raw data from the multi-species 
experiment (NAR calcylated on an area basis) 
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Fig 3.11 Relationship between RGR and NAR for raw data from the multi-species 
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Relationships between NARw, LAR and RGR for individual species were similar to 
those based on raw data (Fig 3.12). All species, showed a negative linear relationship 
between LAR and RGR. The relationships were stronger for individual species than for 
all seedlings combined. RGR was more closely related to LAR for U. europaeus and 
C. robusta than for other species. The weakest relationship between RGR and LAR 
was for Kunze a ericoides. The steepness of the slope varied between species. It was 
steepest for Ulex europaeus, Kunzea ericoides and Griselinia littoralis indicating that 
for these species, a small increase in LAR would result in a larger reduction in RGR 
than for Melicytus ramijlorus, Pittosporum eugenioides and Coprosma robusta. The 
log relationship between RGR and NARw found for all seedlings combined was also 
found for individual species with the exception of Griselinia littoralis. A linear 
regression fitted the data more closely for G. littoralis. As for the raw data, the RGR 
of all species showed a closer relationship with NARw than with LAR. 
The relationships between NAR, LAR and RGR for each light level are illustrated in 
Fig 3.13. When differences between the RGRs of species were compared at constant 
light levels, the strong positive relationship between NARw and RGR was not evident 
at high light levels. The slopes of the linear regressions were not significantly different 
from zero except at the 2% light level where the line had a slope of 1.3 and NARw 
was a good predictor of RGR (R2= 0.93). It appears that changes in NARw are largely 
related to light level rather than any differences between species under similar 
conditions. There was a significant positive relationship between NARA and RGR at 
70% light. As a positive relationship was not found between NARw and RGR at this 
light level, the relationship between NARA and RGR is assumed to be the result of 
differences in SLA. At 2% light, both NARA and NARw show a positive relationship 
with RGR. LAR shows a significant negative relationship with RGR at high light and a 
positive relationship at low light NARA is a better predictor of differences in RGR 
between species at each light level than LAR (i.e. NARA has a higher R2 value) and 
the slope of the regression lines at light levels ~ 11 % is also higher. This indicates that 
a change in NARA will result in a larger change in RGR than the equivalent change in 
LAR. Relationships between NAR, LAR and RGR at 2% light differ from those at 
higher light levels. 
Relationships between NAR, LAR and RGR will be considered in more detail in the 
discussion. 
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Fie: 3.12 (cont) 
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3.3.6 Leaf Area Ratio 
Graphs of leaf area ratio (LAR) at 70%, 44%, 11 % and 2% of full light are presented 
for each species in Fig 3.14. Species in order of increasing LAR at the highest light 
level (70%) are Ulex europaeus < Kunzea ericoides < Griselinia littoralis < 
Carpodetus serratus < Coprosma robusta < Melicytus ramiflorus < Pittosporum 
eugenioides. The LAR of P. eugenioides, M. ramiflorus and Coprosma robusta was 
significantly higher (p<0.05) than U. europaeus, K. ericoides and G. littoralis. Early-
successional species tend to have a low LAR at high light level when compared with 
late-successional species. However, G. littoralis has a LAR comparable to that of an 
early-successional species. 
There was a significant difference in LAR between different light levels (p<0.001). At 
2 % light LAR was higher than at higher light levels. Species in order of increasing 
LAR at 2% light are Kunzea ericoides < Ulex europaeus < Griselinia littoralis < 
Pittosporum eugenioides < Coprosma robusta < Carpodetus serratus < Melicytus 
ramiflorus. These rankings are similar to those at 70% light and the groups separated 
as significantly different are the same as those at the high light level. 
The highest leaf area ratio for all species occurred at the lowest light level but there 
was a difference in patterns of change in LAR with light between species. There was 
no significant increase in LAR between 70% and 44% light levels for any of the species 
measured. K. ericoides, C. robusta , M. ramiflorus and P. eugenioides showed 
significant increases in LAR between 44% and 11 % and for all except K. ericoides, 
again between 11 % and 2%. G. littoralis showed a very gradual increase with the only 
significant differences being between 70% and 11 %, and 70% and 2%. U. europaeus 
showed very little change in LAR until 2% light when it increased significantly. 
Ratios of LAR at 70% light to LAR at 2% light show that U. europaeus and M. 
ramiflorus showed the biggest relative change in LAR. This change was significantly 
greater than for G. littoralis and P. eugenioides which showed the least change in 
LAR with light level (p<0.05, Dunns test). 
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Fig 3.14 Leaf Area Ratio of seedlings grown at a range of light levels in the multi.-
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Changes in LAR are the result of changes in Specific Leaf Area (SLA) or Leaf Weight 
Ratio (LWR) (LAR=SLA*LWR). When raw data was analysed, SLA was strongly 
correlated with LAR (R2=0.89) but not with LWR (R2=0.0001) or RWR (R2=0.15). 
RWR was explained more of the variation in LAR for individual species (see Table 
3.11) but changes in SLA appear to be largely responsible for changes in LAR. 
Table 3.11 Linear rem;ssions of SLA and RWR with LAR for species 
SLA RWR 
species slope Intercept R2 slope Intercept R2 
Ulex europaeus 1.13 0.23 0.99 -0.01 0.23 0.32 
Kunzea ericoldes 1.05 1.2 0.97 -0.03 0.44 0.68 
Coorosma robusta 1.29 6.2 0.98 -0.02 0.5 0.84 
Caroodetus serratus 1.18 2.6 0.83 -0.02 0.37 0.47 
Pittosoorum euaenioides 1.20 4.8 0.97 -0.01 0.38 0.76 
Grise/in/a littoralis 1.42 2.6 0.91 -0.03 0.48 0.63 
Melicytus ramiflorus 1.22 11.2 0.94 -0.16 0.6 0.81 
SLA behaved in the same way as LAR with a tendency for early-successional species 
to have lower SLA at high light levels. All species showing an increase with decreasing 
light levels. At the lowest light level the order of species was again the same as for 
LAR and similar to that at the high light level (see Table 3.12). 
Table 3.12 Specific leaf area of seedlings grown at different light levels {multi-species 
experiment) 
mean± s.e.m 
Species 2% light 11% light 44% light 7D°k light 
U/ex europaeus 8.23 ±0.56 2.70 ±0.24 2.58 ±0. 17 1.90 ±0.11 
Kunzea ericoides 8.54 ±0.83 7.00 ±0.41 4.86 ±0.45 3.60 ±0.30 
Coprosma robusta 30.42 ± 1.43 22.43 ±2.06 15.71 ±0.57 13.50 ±0.66 
Carpodetus serratus 31.91 ±2.49 20.97 ±1.60 16.26 ±1.05 10.49 ±0.87 
Pittosporum eugenloldes 27.29 ± 1.03 21.85 ±1.48 15.28 ±0.40 13.14 ±0.29 
Grise/in/a /ittoralis 14.47 ± 0.81 14. 18 ±0.47 11.42 ±0.38 8.50 ±0.55 
Melicytus ramiflorus 46.89 ± 1.60 28.40 ±1.61 21.31 ±0.98 17.76 ±0.60 
Difficulties in separating leaves from stems from kanuka, and the fact gorse stems are 
photosynthesising, meant that the entire shoot was used as an estimate of L WR for 
these two species. Using this measurement gorse had a much higher LWR than other 
species. However, it is difficult to determine whether this difference is due to the 
technique used or a greater allocation of biomass to photosynthetic systems. Root 











correlated with LAR than LWR. RWR increased with increasing light level for each 
species. At the highest light level species in order of increasing RWR were U. 
europaeus < P. eugenioides < Carpodetus serratus < G. littoralis < K. ericoides < 
Coprosma robusta < M. ramijlorus (Fig 3.15). The RWR of M. ramijlorus was 
significantly higher than all other species and the RWR of Coprosma robusta was 
significantly higher than U. europaeus and P. eugenioides. RWR did not vary 
consistently with successional status. 
RWR differed significantly between light levels ( p<0.0001 ). RWR did not change 
significantly between 70% and 44% of full light but then decreased between 44% and 
11 % and again between 11 % and 2% of full light At the lowest light level, species in 
order of increasing RWR were Coprosma robusta < Carpodetus serratus < U. 
europaeus < M. ramijlorus < P. eugenioides < K. ericoides < G. littoralis. Again 
there was no trend with successional status. Coprosma robusta showed a greater 
relative change in RWR between 70% and 2% light than all other species with the 
exception of M. ramijlorus while M. ramiflorus showed a greater change in RWR than 
the two least "plastic" species, G. littoralis and P. eugenioides (p<0.05,Dunns test). 
3.3.7 Net Assimilation Rate 
The rate of increase in plant weight per unit leaf area (NARA) resulting from the 
combined effects of photosynthesis and respiration is one aspect of RGR. Fig 3.16 
shows the changes in NARA in response to light for each species. At the highest light 
level, species in order of increasing NARA were P. eugenioides < M. ramijlorus < 
Coprosma robusta < G. littoralis < Carpodetus serratus < K. ericoides < U. 
europaeus. NARA for the early-successional species, U. europaeus and K. ericoides 
was significantly higher than for all other species. In general species showed a pattern 
of high NARA for early-successional species and low NARA for late-successional 
species. 
NARA declined significantly with decreasing light level (p<0.001). This decline was 
more marked for U. europaeus and K. ericoides and occurred between all light levels 
including the two highest (70% and 44%). Significantly lower NARAs did not occur 
until 11 % light for G. littoralis and C. robusta, and 2% for M. ramijlorus and P. 
eugenioides. By 2% light the ranking of species had reversed with early-successional 
U. europaeus and K. ericoides having a comparatively low (negative) NARA and late-
successional M. ramijlorus and P. eugenioides having a higher (positive) NARA. 












Ei2 3.15 Root wei2bt ratio of seedlin2s 2town at a ran~ of li2bt levels in the multi-
species experiment (mean and s.e.m.) 
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Fig 3. 16 Net Assimilation Rate Con an area basis) of seedlings grown at a range of 
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Comparisons between, net assimilation ratei calculated oni a weight and an area basis. 
These two rates can then be used to explore the role of SLA. 
Comparisons between species and light levels showed different patterns when NARw 
was used instead of NARA. There was no significant differences between NARw of 
species at any light level (Fig 3.17). The early-successional K. ericoides and U. 
europaeus had a significantly higher NAR when this was expressed on an area basis 
(NARA). Tiris difference can therefore be attributed to differences in SLA. U. 
europaeus and K. ericoides had a significantly lower SLA than other species and 
therefore the equivalent area represented a much larger mass. 
Changes with light level showed a similar trend of decreasing NAR with decreasing 
light level regardless of the basis on which NAR was calculated. However, NARw did 
not decline as rapidly as NARA. All species could maintain a similar NARw despite a 
reduction in light from 70% to 11 %. A significant decrease did not occur until the 
lowest light level. For NARA, species showed differences in response to light levels 
(described above). 
Seedlings in the glasshouse experiment, showed similar patterns of growth and biomass 
allocation to those in the multi-species experiment Data from the glasshouse 












Fi~ 3.17 Comparison of NAR on a wei~ht and area basis of seedlin~s from the multi-
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Photosynthetic light response curves were measured for each of the species grown 
outside at 70% and 11 % of full light Differences between the two light treatments 
were never significant for any species so data has been pooled. In the glasshouse 
experiment, photosynthetic readings were taken for seedlings grown at 33%, 11 % and 
2 % of full light Species did show differences due to light pretreatment. These are 
discussed in the following section on plasticity. 
Photosynthetic light response curves are shown in Fig 3.18. Species in order of 
increasing photosynthetic rates at the high light level ( 610 µmol photons m-2 s-1) are 
M. ramiflorus < G. littoralis < P. eugenioides < Coprosma robusta < K. ericoides < 
U. europaeus. U. europaeus has a significantly higher rate of photosynthesis at this 
light level than the other species and has still not reached its light saturation point. K. 
ericoides, while significantly lower than U. europaeus has a significantly higher rate of 
photosynthesis than all other species. Differences between M. ramiflorus, G. littoralis, 
P. eugenioides and C. robusta were not large or statistically significant Rates of 
photosynthesis at high light levels were those that would be predicted based on 
successional status. 
Light compensation points varied between species (Table 3.13). Species in order of 
increasing light levels required to reach light compensation were C. robusta < M. 
ramiflorus < G. littoralis < P. eugenioides < K. ericoides < U. europaeus. U. 
europaeus required significantly more light ( 108 µmol photons m-2 s-1) than all other 
species. K. ericoides reached light compensation at 43 µmol photons m-2 s-1 which 
was also significantly higher than the remaining species which all had light 
compensation points of< 25 µmol photons m-2 s-1. The higher light compensation 
points predicted for early-successional species when compared to late-successional 
species were observed. 
U. europaeus had a significantly higher dark respiration rate (higher CO2 output) than 
all other species measured (p<0.05). Although the next highest respiration rate 
measured was for the early.,successional K. ericoides, differences between the 
remaining dark respiration rates were very small and not statistically significant 
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Fig: J;18 PhQtQsynthetic lig:ht ~spQnse curves fQr seedling:s in the 
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Table 3, 13 Light Compensation Point <LCP) and dark respiration rate for seedlings 
in the multi-species experiment 
mean sem 
Species LCP (µmol photons m-z s ') respiration ( µmol CO2 m-Zs I) 
Ulex eurooaeus 108.00 5.90 -9.54 
Kunzea ericoldes 43.00 4.40 -1.46 
Coprosma robusta 15.00 1.80 -0.56 
Pittosoorum euaenfoides 21.00 3.70 -1.02 
Griselinia littoralis · 18.00 2.30 -0.60 
Melicytus ramiflorus 25.00 3.90 -0.70 
There was a strong negative linear relationship between maximum photosynthesis and 
respiration rate as shown in Fig 3.19. 
Fig 3.19 Linear regression of dark respiration against the maximum rate of 
photosynthesis measured for seedlings in the multi-species experiment, 
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Overall, light response curves were what would have been predicted from the 
generalisation that early-successional species have a higher Pmax than late successional 
species but then show a faster reduction in net photosynthesis with lowering light 







Photosynthetic rates calculated on a weight basis are presented in Table 3.14. As for 












Table 3.14 Photosynthetic rates calculated on the basis of leaf wei&ht 
Light (µmol photons m-:l s- 1) 
mean '5,eni) 
Species 0 ljJ 210 630 
Ulex eurooaeus -7.69 (0.88) -3.35 (0.46) 19.03 (5.76) 75.42 (17.93) 
Kunzea ericoides - l. 12 (0.42) 0.69 (0.20) 20.27 (6.27) 35. 10 ( 12.40) 
Coorosma robusta -0. l O (0.02) 0.78 (0.09) 39.14 (6.19) 105.98 (11.12) 
Pittosoorum euaenioides -0. 16 (0.04) 0.81 (0.13) 54. 7 4 (6.50) 114.20 (9.82) 
Grise/in/a littoralis -0.09 (0.02) 0.72 (0.09) 27.48 (4.55) 70.44 (7. 14) 
Melicytus ramifforus . -0.11 (0.02) 0.62 (0.05) 34. 79 (5.06) 117.69 (4.88) 
Species in order of increasing maximum photosynthetic rate (on a weight basis) are K. 
ericoides < G. littoralis < U. europaeus < M. ramijlorus < C. robusta < P. 
eugenioides. As, variability was high and differences between species were not large, 
the only statistically significant difference was between P. eugenioides and K. ericoides 
(p<0.05). Higher photosynthetic rates for early-successional species were no longer 
evident when rates were expressed on a weight basis. The tendency was for the 
opposite to occur with higher photosynthetic rates for late-successional species. 
Species in order of increasing dark respiration rates were G. littoralis < C. robusta < 
M. ramijlorus < P. eugenioides < K. ericoides< U. europaeus. U. europaeus had a 
significantly higher dark respiration rate than other species (p< 0.05). Respiration rates 
showed the same pattern whether expressed per unit area or per unit weight. 
As shown in Fig 3.20, RGR is not closely related to the maximum rate of photosynthesis. 
Fig 3.20 Linear regression of RGR against maximum rate of photosynthesis 
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3.3.9 Light Acclimation 
In the second experiment in the glasshouse, more detailed light response curves were 
measured for U. europaeus, P. eugenioides and M. ramij[orus seedlings grown at 
three different light levels (Fig 3.21). These were then used to examine the ability of 
these species to adjust their photosynthetic rates in response to changes in light level. 
General patterns for light response curves (averaged over the pretreatment light levels) 
were similar to those measured in the multi-species experiment At the highest light 
level (639 µ mol m-2 s-1), U. europaeus had a significantly higher rate of 
photosynthesis than other species. At this light level photosynthesis was light saturated 
for M. ramij[orus and P. eugenioides but not for U. europaeus. As in the previous 
experiment, U. europaeus also had a higher dark respiration rate and higher light 
compensation point than M. ramij[orus and P. eugenioides (See Fig 3.21). 
For U. europaeus, growth at 33% or 11 % light led to higher rates of photosynthesis at 
high light than growth at 2% light. At no light level was there any significant difference 
between photosynthetic rates of U. europaeus seedlings grown at 33% and 11 % light 
(p>0.05). At low light levels, comparable to 2% of full light, U. europaeus seedlings 
grown at higher light levels tended to have lower rates of photosynthesis than seedlings 
acclimated to 2% light This tendency was not statistically significant (p>0.05). Half of 
the U. europaeus seedlings grown at 2% light had already died by the time 
photosynthetic readings were taken. For the remaining seedlings, any movement of the 
chamber used in measuring photosynthetic rates resulted in pulling the plant out by its 
roots. Damage prior to photosynthetic readings at low light levels meant that dark 
respiration rates could not be measured for gorse and the light compensation point 
could only be calculated for one individual making statistical analysis impossible. From 
looking at Fig 3.21, it appears likely that seedlings grown at 2% light would have had a 
higher light compensation point and a lower dark respiration rate. 
P. eugenoides showed similar patterns to those of U. europaeus. Seedlings grown at 
higher light levels had a higher photosynthetic rate at high light levels than seedlings 
grown at lower light levels. However, differences between photosynthetic rates due to 
pretreatment light level were small and non significant (p>0.05). Seedlings grown at 
2% light tended to have higher photosynthetic rates at low light levels than seedlings 
grown at higher light levels. However, differences between dark respiration rates and 
light compensation points on the basis of pretreatment light level were not significant 
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Fig 3.21 Photosynthetic light response curves for seedlings wwn at three pretreatment light levels 
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(p>0.05). Photosynthetic rates of M. ramiflorus did not show notable differences as a 
result of different pretreatment light levels. 
The ratio of photosynthesis at 639 µmol photons m-2 s-1 for a seedling grown under 
33% of full light to that of a seedling grown under 2% of full light was significantly 
higher for U. europaeus than for P. eugenioides and M. ramiflorus (p<0.01). As 
explained above, light compensation points and dark respiration rates could not be 
measured for U. europaeus. The light compensation point of P. eugenioides varied 
more as a result of light pretreatment than M. ramiflorus (p<0.05) but there was no 
significant difference between the ratio of dark respiration for plants grown at 33% 
light to plants grown at 2% light between M. ramiflorus and P. eugenioides (p>0.05). 
11tls data supports the idea that early-successional plants are more capable of 
acclimation to different light levels than late-successional plants. 
The acclimation observed did not always result in a higher rate of photosynthesis at the 
light level at which a seedling was grown than for seedlings grown at other light levels. 
For U. europaeus, seedlings grown at 11 % light tended to have a higher 
photosynthetic rate at the higher light levels than seedlings grown at 33% light 
When photosynthesis is expressed on the basis of dry weight rather than area, 
differences between both species and light pretreatments become less marked (see Fig 
3.22). For U. europaeus, seedlings grown at 11 % light tended to have a higher 
photosynthetic rate at the highest light level. At all lower light levels, seedlings grown 
at 2 % light tended to have a higher photosynthetic rate. Differences between maximum 
measured photosynthetic rates, light compensation points and dark respiration rates 
were not significant (p>0.05). For P. eugenioides, seedlings grown at 11 % light tended 
to have a higher photosynthetic rate at the two highest light levels at which 
photosynthetic readings were made. As for U. europaeus, seedlings grown at 2% light 
had higher photosynthetic rates at lower light levels. Growth at 2% light resulted in 
higher photosynthetic rates at all light levels for M. ramiflorus. 
When expressed on a weight basis there was no significant difference between the 
plasticity of maximum photosynthetic rates, light compensation points or dark 
respiration rates of U. europaeus, P. eugenioides and M. ramiflorus. 
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Fig 3.22 Photosynthetic light response curves (per unit weight) for seedlings grown at three pretreatment light levels 
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3.3.10 Chlorophyll Content 
At the highest light level species in order of increasing chlorophyll content (expressed 
per unit area) were P. eugenioides < M. ramiflorus < C. robusta < G. littoralis < K. 
ericoides < U. europaeus (see Fig 3.23). The chlorophyll content of the two early 
successional species (U. europaeus and K. ericoides) was significantly higher and more 
variable than the later successional species. 
For K. ericoides, Coprosma robusta, P. eugenioides and G. littoralis there was a 
pattern of increasing chlorophyll content as light decreased. For U. europaeus there 
was a sharp fall off in chlorophyll content at the lowest light level. Both Carpodetus 
serratus and M. ramijlorus showed an irregular pattern in response to light For these 
two species, chlorophyll content decreased between 70% and 44% light, increased 
between 44% and 11 % light then decreased again between 11 % and 2% of full light 
These irregularities appear to be the result of changes in specific leaf area as all species 
show increases over every decreasing light interval when chlorophyll content is 
expressed on a per unit weight basis as shown in Table 3.15. 
Table 3.15 Chlorophyll content on a weight basis {mg g-1) for seedlings i,:own multi-
species 
mean (s.e.m) 
Species 2% light 11% light 44% light 700/o light 
Ulex eurooaeus 10.60 (1.07) 7.65 (0.49) 6.83 (0.37) 4.28 (0.46) 
Kunzea ericoides 10.89 (0.67) 6.99 (0.53) 3.20 (0.21) 3.21 (0.18) 
Coorosma robusta 13.54 (0.97) 6.45 (0.83) 3.18 (0.22) 2.77 (0.16) 
Pittosoorum euaenioides 17.00 (1.16) 9.38 (0.96) 4.70 (0.39) 3.40 (0.30) 
Griselinia Jitforalis 9.08 (0.65) 5.77 (0.43) 3.60 (0.18) 2.85 (0.13) 
Me/icytus ramiff orus 23.49 (1.83) 10.51 (1.14) 4.84 (0.40) 4.20 (0.25) 
At the lowest light level, species in order of increasing chlorophyll content are M. 
ramiflorus, Coprosma robusta, P. eugenioides, G. littoralis, U. europaeus and K. 
ericoides. As at the highest light level, the significant differences are between the two 
early-successional species, U. europaeus and K. ericoides, and the remaining species. 
The early-successional species had a higher chlorophyll content on an area basis at all 
light levels than the late-successional species. This appears to be largely the result of 
their low SLA as they did not have a significantly higher chlorophyll content on a 











Fi& 3.23 Chlorophyll content {calculated per unit leaf area) for seedlin&s wwo at a 
rao&e of li&bt levels in the multi-species experiment Cmean and s.e.m,) 
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As shown in Fig 3.24, chlorophyll contents wer~ not closely related to rates of 
photosynthesis at high or low light levels (R2 < 0.45). At high light levels a high 
photosynthetic rate tended to be associated with a high chlorophyll content while at 
low light levels, a high photosynthetic rate was associated with a low chlorophyll 
content. As chlorophyll contents were expressed on an area basis, this will be the result 
of the high chlorophyll contents for U. europaeus and K. ericoides which have high 
photosynthetic rates at high light levels but low photosynthetic rates at low light levels. 
Fi& 3.24 Linear rewssions for net photosynthesis a&:ainst chlorophyll content for a 
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3.4.1 Survival, growth and biomass allocation of early- and late-successional 
species 
In general, differences in survival, growth and biomass allocation between early and 
late-successional species studied were those that were predicted on the basis of their 
successional status. 
There is some evidence to suggest that early-successional U. europaeus is less able to 
survive at lower light levels than other species studied although lower survival was 
only observed in the glasshouse experiment This may reflect the fact that plants were 
smaller and younger when the glasshouse experiment began and would have had fewer 
reserves to maintain themselves under adverse conditions. The experiment in the 
glasshouse also ran for two weeks longer than the multi-species experiment This 
meant the plants had to survive under the adverse, low light conditions for longer. 
Negative growth rates for U. europaeus grown at the lowest light level in both 
experiments, suggest that in time, plants in the low light treatment of the multi-species 
experiment would also have died. Damage due to high temperature in the glasshouse 
may also have made the plants less able to survive at low light levels. As the 
experiments were not designed primarily to study survival and their short duration and 
the comparatively small number of individuals make it difficult to draw any definite 
conclusions about survival from these experiments. Survival under field conditions is 
looked at in more detail in Chapter 6. 
Ulex europaeus and Kunzea ericoides had higher growth rates and higher net 
assimilation rates at high light levels than the later-successional species. Their net 
assimilation rates were lower than those of the later-successional species at low light 
levels. Light response curves showed higher maximum rates of photosynthesis, a 
higher light saturation level, higher light compensation points and higher dark 
respiration rates for the early-successional species. Many of these differences are linked 
to differences in SLA as they are no longer evident when photosynthesis or NA..~ are 
expressed on a weight basis. Early-successional species had lower SLAs and LARs 
than late-successional species. This lends support to the hypothesis that natural 
selection favours seedlings that allocate more biomass to photosynthesising structures 











While differences between the early- and late-successional study species were 
predictable, differences between late-successional species were not as predictable. 
These differences were often small and not statistically significant (p>0.05). 
3.4.2 Light Acclimation 
The ability to adjust photosynthetic rates in response to different light levels was most 
strongly evident in U. europaeus which demonstrated a light response curve similar to 
a late-successional species when grown under low light conditions. This supports the 
idea that early-successional species should show a greater degree of plasticity than 
late-successional species. 
As outlined by Givnish (1988), the assumption that the ability to acclimate will be 
adaptive relies on the plant having a higher photosynthetic rate at the light level it is 
acclimated to than it would have had if it had been acclimated to any other light level. 
In his re-assessment of the work of Bjorkman he points out that in this classic study, 
while plants grown at high light levels showed faster photosynthetic rates than plants 
grown at other light levels, at intermediate light levels, there was no difference 
between plants acclimated to high or intermediate light levels and, at low light levels, 
there was no difference between plants acclimated to intermediate or low light levels. 
Givnish suggests that stronger evidence for the adaptive value of acclimation is found 
when data are re-analysed in terms of energetic trade-offs at the whole-plant level. He 
suggests that " expressing photosynthesis and respiration as a function of leaf mass or 
protein content, and thereby indirectly incorporating leaf construction costs, may be 
more useful in assessing adaptation to light level than expressing them as a function of 
leaf area." When this was done with Bjorkman's work, evidence for the adaptive value 
of acclimation was stronger. 
The light response curves for U. europaeus seedlings, the most plastic in the current 
study, also failed to show complete support for the adaptive advantages of acclimation 
as outlined by Givnish. At high light levels, seedlings grown at intermediate light levels 
have a faster rate of photosynthesis (per unit leaf area) than seedlings grown at high 
light levels. Photosynthetic rates at lower light levels did not show significant 
differences between seedlings on the basis of pretreatment light levels. When 
photosynthetic rates were expressed on a weight basis, for U. europaeus, differences 
became less rather than more marked. 
Assumedly, expression of photosynthetic rates on a weight basis will only emphasise 











when these result from differences in allocation of biomass to photosynthetic 
machinery. The differences between photosynthetic rates (on an area basis) for U. 
europaeus appear to be the result of differences in SLA rather than differences in 
biomass allocation. The idea that U. europaeus adjusts differently to different light 
levels when compared to Atriplex triangularis, looked at by Bjorkman and Givnish, is 
consistent with differences in the strategies that can be used by early-successional 
plants to achieve high growth rates. These are examined in more detail later in the 
discussion in comparisons between early- and late-successional species. Much of this 
discussion may also be relevant to differences between sun and shade phenotypes. 
3.4.3 Trade-offs and succession 
One of the aims of this study was to investigate whether the way the study species 
responded to a range of light levels could be used in understanding their role in 
succession. Huston and Smith (1987) have outlined an explanation for species 
replacement in successions based on the differences commonly found between early 
and late-successional species. This explanation is outlined in Section 1.3. Differences 
observed between early- and late-successional species will be a result of attempts to 
maximise competitive ability under the different conditions found in early- and late-
successional environments. Trade-offs are central to Huston and Smith's explanation 
for species replacement during successions. The level of theoretical and experimental 
support for trade-offs between the characteristics of early- and late- successional 
species is also outlined in Section 1.3. In the following section trade-offs with high 
RGR are discussed. 
3.4.4 Trade-offs with high RGR 
It is widely accepted that species adapted to high resource environments (early-
successional species) have high potential rates of growth (Walters 1993). This was 
borne out in the current study in which early-successional U/ex europaeus and to a 
lesser extent Kunzea ericoides were taller and had a higher RGR at high light levels 
than the late-successional species. There has been more debate over whether low 
potential growth rate has any advantages (Lambers and Poorter 1992). It appears more 
likely that plants have a low potential RGR because of some trade-off between high 
potential RGR and another characteristic that benefits their growth or survival under 
adverse conditions. 
Two main ideas have been put forward to explain why late-successional species do not 
have a high potential RGR. These are that a high potential RGR is linked to reduced 











lower survival under these conditions. The second explanation is that high RGR is 
linked to lower survival at low light levels due to the low allocation to substances that 
assist in the persistence and defence of the leaf. Leaf biomass is instead allocated to 
photosynthetic machinery to increase resource capture. These two ideas are discussed 
below. 
a) high potential growth rate vs high growth rate at low light levels. 
Are the higher relative growth rates observed for the early-successional species in this 
study linked to lower growth rates at low light levels? Conversely does the lower 
potential growth rate of late-successional species have advantages in terms of higher 
growth rates at low light levels? 
In the current study the relationship between RGR at high light level and RGR at low 
light level (2%) was not significant although it tended to be negative (Fig 3.25). 
Fi& 3.25 Relative growth rate of seedlings grown at hi&h and low li&ht 
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This tendency towards a negative relationship and the significantly higher growth rate 
of late-successional P. eugenioides than early-successional U. europaeus at low light 
lends some support to the idea that there is a trade-off between high potential growth 
rate and high relative growth rate at low light levels. However, the negative 











light levels for most of the study species were not significant Therefore this study 
provides only tentative support for the idea that there is a trade-off between high 
potential RGR and high growth rates at low light levels. 
Other studies have shown a positive relationship between RGR at high light and RGR 
at low light and therefore concluded that in terms of ability to maximise capture of 
resources, a low potential growth rate was not an advantage at low light levels 
(Kitajima 1994 and Walters et al. 1993). They sought an alternative explanation for 
low potential growth rates in late-successional species. 
b) high potential growth rate vs high survival at low light due to high allocation to 
defences. 
Lambers and Poorter (1992) conclude that a low potential growth rate per se does not 
confer ecological advantage i.e there is nothing about a low potential growth rate that 
increases capture of resources at low light levels or increases survival at low light 
levels. They suggest that the low potential growth rates occur due to selection for one 
of the components of growth rate rather than growth rate itself. 
Specific leaf area was seen by Poorter (1989) as the most likely trait for which 
selection pressures may result in a low growth potential. The specific leaf area of a 
plant is determined by trade-offs between photosynthesis, storage, support and damage 
prevention (Dijikstra 1989). Increasing leaf toughness, accumulation of palatability-
reducing compounds and investment in thorns and hairs will decrease the specific leaf 
area. In the studies which Poorter examined, the relationship between RGR and SLA 
was a positive one i.e. a decrease in SLA was associated with a decrease in RGR. He 
concluded that a decreased SLA can increase persistence of leaves but at the cost of 
diminishing the plants growth potential. Therefore, it is likely that selection for a low 
SLA to increase the probability of survival would result in low potential growth rates. 
In the current study, U. europaeus and K. ericoides had the lowest SLA and the 
highest growth rates of the species studied. This is illustrated in Fig 3.26 which shows 
a negative relationship between RGR and SLA (i.e. a decrease in SLA appears to 
result in an increase in growth rate). Therefore, data from this study do not support the 
idea that there is a trade-off between a high potential growth rate and allocation to 












Fig 3.26 Relationship between RGR at high light and SLA 
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3.4.5 What appears to determine trade-off between high potential growth rate 
and survival at low light levels? 
Despite their differences both of the trade-offs discussed above predict the observed 
link between higl} potential growth rate and low survival at low light. There is evidence 
that both trade-offs do occur and that which is observed will depend on the species 
compared This raises two questions. Why should one trade-off occur for one group of 
species and another for a different group? Is there anything consistent between the two 
trade-offs that would shed light on how high potential growth rate is linked to low 
survival at low light? 
3.4.6 Why should one trade-off occur for one group of species and another for a 
different group? 
One of the major differences between the two trade-offs is that in the first, high growth 
is linked to a low SLA, while in the second trade-off, high growth is linked to a high 
SLA. As Fig 3.27 illustrates, two plants can achieve the same growth rate independent 
of SLA if the L WR and the allocation to photosynthetic machinery within the leaf are 
the same and differences in SLA are the result of differences in leaf thickness. In this 
simple model, the first plant has a lower SLA than the second. This results in a lower 











Fi& 3.27 A model of plants with different SLAs and the same RGR 
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Structure and defence 
Root function 
RGR = NAR x SLA x LWR 
Plant 1 RGR= 6/6 x 6/12 x 6/12 
= 3/12 
Plant 2 RGR= 6/12 x 12/12 x 6/12 
= 3/12 
So why do some early-successional plants have a high SLA and others a low SLA if 
both strategies can achieve a similarly high RGR at high light? The frrst option of a 
high SLA, would appear to be an advantage in a competitive, resource-rich 
environment A successful strategy under these conditions is rapid growth of leaves 
with low construction costs. If large thin leaves are formed they can intercept light 
effectively thus ensuring a rapid RGR. They are also effective in shading neighbouring 
plants and will not represent a large loss of investment as new leaves are formed above 
them (Poorter 1989). The second option of a low SLA is an advantage if water or 
nutrients are limiting. In a less resource rich environment, leaf longevity may be more 
important. This requires an investment in substances that increase persistence. 
Conservation of water can be improved by investment in hairs and a waxy cuticle. 
These will result in a low SLA. Thicker leaves are also more effective in conserving 
water as they have a smaller surface area for water to be lost from. A large range of 
stress factors have been shown to result in a low SLA, the exception is the stress of 
low light levels where selection has lead to species with a high SLA to enable 










If the SLA of a species has been selected for at high light levels as both options above 
assumed, what effect will the chosen strategies have on growth and survival at low 
. light? While SLA increases at low light levels there is a very strong correlation 
between SLA at high light and SLA at low light (R2= 0.89, Fig 3.28). This means that 
species can not have a comparatively low SLA at high light and a high SLA at low 
light 
Plants that achieve a high RGR at high light with a high SLA were found to increase 
the allocation of leaf biomass to photosynthesising machinery. Each time the allocation 
to photosynthetic machinery increased, RGR would increase. To maximise RGR, a 
plant with this strategy would keep increasing the allocation until some other factor 
became limiting. A plant that had achieved a high RGR in this way would be effective 
in capturing light at low light levels. However, the increased allocation to 
photosynthesis will have been at the expense of allocation to persistence or defence. 
This will mean that maximising the growth rate at high light levels will have led to a 
shortening of the lifespan of leaves and an increased risk from herbivory and disease. 
Fig 3.28 Relationship between SLA of seedlings grown at high and low light levels 














Cl) 5 Cl) 
"' - I .. 0 
~ I .. 
en 
0 
0 10 20 30 40 50 









In the current study, Ulex europaeus was the fastest growing species and had the 
lowest SLA. The low SLA alone does not result in high growth rates at high light 
levels. Its adaptive value is to other factors typical of many early-successional 
environments e.g. water stress. The low SLA need not be a disadvantage at high light 
levels where light is unlikely to be a limiting factor. However, the low SLA is a 
disadvantage at low light levels as it results in a small area being available for capture 
of light which in these circumstances is likely to be a limiting resource. For plants 
which achieve a high growth rate with a low SLA, growth rates at low light levels will 
be low. A negative growth rate, as observed in U. europaeus at low light, must 
eventually result in death. 
The net assimilation rate of U. europaeus did not vary from that of the other species 
when it was expressed on a weight basis. This suggests that it did not achieve its fast 
growth rate by allocating more resources to photosynthetic machinery at the expense 
of defence and persistence. For U. europaeus, the selective pressure to compete for 
resources and achieve a high growth rate is balanced against the need to survive under 
adverse conditions. Ulex europaeus achieves its high growth rate through allocating 
more resources to "leaf' material by having photosynthesising stems and the lowest 
allocation to roots of the study species. This strategy is not likely to result in reduced 
growth or survival at low light levels. A lower RWR at low light was found for all 
species in the current study. Therefore the trade-off illustrated here is one of survival in 
a stressful high light environment and high growth rates at low light levels. It is not 
strictly a trade-off between high growth rate at high light level and high growth rate at 
low light levels. 
In comparing early- and late-successional plants, the specific trade-off will depend on 
the early-successional environment If it is a resource-rich environment the trade-off 
between high growth rate at high light and a high allocation to defences would be 
expected. This is consistent with the findings of Kitajima (1994) when working with 
tropical tree seedlings. If the species have adapted to an environment prone to stress, a 
different trade-off will be operating. The trade-off will be between ability to tolerate 
stress at high light leveis and survival at low light levels. When this trade-off is 
operating, high growth rates at high light will tend to be associated with low growth 
rates and survival at low light levels as early-successional plants with a low SLA will 
have other mechanisms that increase growth rate at high light Primary successions are 
likely situations to observe the latter trade-off. The fact that gorse is an N- fixer is 











3.4.7 Is there anything consistent between the two trade-offs that would shed 
light on how high potential growth rate is linked to low survival at low 
light? 
The two trade-offs differ in their predictions of growth rates for early and late-
successional species at low light levels. They also appear to differ in their predictions 
of SLA of early- and late-successional species at low light level. In the current study, 
early-successional species have a slow growth rate linked with a low SLA at low light 
In the majority of the studies examined by Poorter (1989) and the study of Kitajima 
(1994), early-successional species exhibit high growth rates linked with a high SLA at 
low light So, what causes the link between high growth rate at high light levels and 
low survival at low light levels? It cannot be solely a link with growth rate (as the first 
trade-off would suggest) or SLA (as the second trade-off would suggest). 
The consistent feature of both strategies is their extreme nature. A plant which 
allocates biomass to the photosynthetic machinery at the expense of protection 
maximises its growth rate but the cost is a degree of risk. If the plant was to allocate 
less to photosynthetic machinery and more to defence there would be less risk but its 
potential growth rate would be lower. A plant with a very low SLA may be very 
efficient at conserving water and nutrients. If the low SLA results in part from a large 
investment in substances involved in defence then it will also be well adapted to protect 
itself from herbivory and disease. The low SLA will prevent it maintaining a positive 
growth rate at low light levels. If it decreased the thickness of 1its leaves it would be 
able to grow faster at low light levels but would reduce its ability to survive drought or 
nutrient stress. Plants with less extreme strategies (la~-successional species) are less 
competitive at high light levels but can survive better at low light levels. 
For the current study, I have explained what could be behind a trade-off between high 
growth rates at high light levels and high survival at low light levels. This provides a 
possible explanation for species replacement during a succession. As an example, 
early-successional Ulex europaeus would be predicted to out-compete late-
successional Melicytus ramif[orus when light levels were high following a disturbance 
event as it has a higher RGR. The higher RGR can be attributed to a greater allocation 
of biomass to photosynthesising structures (lower RWR and higher LWR) and is 
associated with a low SLA and thus a low LAR. Once a canopy formed and light levels 
were reduced, the low LAR of U. europaeus would result in a low RGR. The negative 
growth rate of U. europaeus would, in time, result in death of the plant while the more 
o~~~f~-hade-t~le1:311t M. ramif[orus can ~tain a positive .growth rate at low light and 
0 J would m tune be capable of reaching the canopy. While the RGR measured for M. 











europaeus so it is possible that M. ramiflorus does not have any real advantage over 
gorse at low light levels. Even given identical RGRs M. ramiflorus would be expected 
to begin to contribute to the canopy along with U. europaeus as on the basis of 
growth rate alone, M. ramiflorus and U. europaeus seedlings would be equally likely 
to reach the canopy. 
3.4.8 Relationships between SLA, LAR, NAR and RGR 
As is discussed in the previous section on trade-offs, a high RGR can be associated 
with a high SLA or a low SLA. An increase in SLA might at first be expected to 
always lead to an increase in RGR as an increase in SLA represents an increase in leaf 
area for photosynthesising. Therefore LAR should have a positive relationship with 
RGR. An increase in NARA would also be expected to increase RGR as it represents 
an increase in the amount of biomass produced for a given leaf area. Yet, negative 
relationships between NARA and RGR are frequently observed (Poorter 1989). In the 
current study, a negative relationship was observed between LAR and RGR. These 
negative relationships can occur because of the negative relationship between NARA 
and LAR. If an increase in NARA is associated with a larger decrease in LAR then it 
will result in a decrease in RGR. The same can apply in reverse when an increase in 
LAR is associated with a larger decrease in NARA resulting in a decrease in RGR. 
All of the studies, including the current one (Fig 3.29) show a strong negative 
relationship between NARA and LAR. The negative relationship found between the 
two components of RGR (NARA and LAR) have been explained by trade-offs 
between a high rate of photosynthesis and a high SLA. Poorter (1989) suggests that a 
high NARA can be achieved by a high photosynthetic rate and that this involv~s a large 
amount of enzymes and light harvesting complexes per unit leaf area and possibly an 
extra layer of pallisade parenchyma, all of which decrease SLA and thus LAR. Changes 
in SLA can be the result of differences in the thickness of the leaf or the density of the 
tissue. Changes in chemical composition of the leaf may accompany changes in SLA 
but cannot be the cause since all compounds add up to unity (Dijikstra 1989). 
The dependence. of the correlation between NARA and LAR on change in SLA in the 
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If the correlation between NARA and LAR is the result of differences in SLA that are 
not linked to differences in chemical composition (i.e. there is no change in allocation 
to photosynthetic machinery at the expense of defence) then as SLA changes, NARA 
and LAR will both be affected and the RGR will remain unchanged. Differences in 
RGR will occur as a result of changes in SLA when these are associated with changes 
in allocation to photosynthetic machinery at the expense of other leaf functions. These 
changes in allocation will result in differences in NARw. In Poorter's studies, plants 
differ in their NARw but not NARA, This results from a higher photosynthetic activity 
per unit leaf weight for faster growers. As the faster growers have a higher SLA, the 
leaf biomass is spread over a larger area and the activity per unit leaf area equals that 
of slow growers. Under these circumstances, the higher SLA results in a higher LAR 
while the NARA remains unchanged. NARw will not have as strong an influence on 
RGR as LAR does. Any increase in L WR will amplify this effect 
If, as in the current study, NARw does not not differ between species then LAR will 
no longer have a positive relationship with RGR. This is because the plant with the 
lower SLA will have a lower LAR but this will be offset by the higher NARA, The 
positive relationship between LWR and RGR, observed in both Poorters and the 
current study, would counteract the decrease in LAR as a result of a lower SLA. This 
would mean that LAR was reduced by less than the increase in NARA and would 
explain the positive relationship observed between NARA and RGR in the current 
study. 
Poorter (1989) found that in 80-90% of the studies he surveyed, LAR was the major 
determinant of RGR. He suggested that the comparison between sun and shade plants 
may be an exception with a higher RGR in sun plants being associated with a higher 
NARA, Findings of the current study support this exception. Whether NARA or LAR 
are the major determinant of RGR can be explained by whether changes in SLA are 
accompanied by different allocation to photosynthetic machinery and thus differences 
between NARw. When differences in NARw do not occur, low SLA is linked to a 
high growth rate, NARA has a strong positive relationship with RGR and LAR has a 
weaker, negative relationship with RGR. When differences in NARw do occurs, high 
SLA is linked to a high growth rate, NARA has a negative relationship with RGR and 











3.4.9 Limitations of controlled experiments 
It cannot be asswned that the growth rates and other parameters measured in this 
chapter under controlled conditions will be good predictors of those found in the field. 
There are many differences between the the current experiment and the field situation 
Factors other than light (e.g. availability of water and nutrients) will be acting in the 
field and may affect the growth rates and competitiveness of the seedlings. Walters et 
al. (1993) suggests that well watered, nutrient rich conditions under which RGR is 
usually measured in controlled conditions will allow more variation in LAR than many 
field conditions and may decrease the relationship between RGRs measured under 
these conditions and the field situation. The glasshouse experiment was designed to 
allow for the investigation of the effect of two different watering regimes on LAR. No 
significant difference in LAR occurred between the two watering regimes (p>0.05). As 
difficulties in enforcing the watering regimes make it unsure whether the lack of 
difference was a result of similarity between the regimes or lack of response to 
differences between them, the data was not analysed in detail (it is presented in 
Appendix 2). Therefore sources of possible difference between RGRs in the field and 
under controlled conditions remain unexplored. The short duration of the controlled 










CHAPTER 4: PLANT COMMUNITY ANALYSIS 
4.1 INTRODUCTION 
Before carrying out manipulative experiments to elucidate causes of species 
replacement it is important to review existing knowledge about the succession from 
gorse to broad-leaved forest. Aspects of the succession from gorse to broad-leaved 
forest have been reviewed in the Introduction (see Section 1.4). The current section 
considers studies applicable to understanding the succession at the field site at Deborah 
Bay (see Fig 4.1 for location) in more detail. The remainder of the chapter presents 
results of a survey at Deborah Bay and discusses them in the context of likely 
sequences of species replacement and their causes. 
Lee et al (1986) carried out a survey of 125 plots in gorse communities in the Dunedin 
Ecological District The following paragraphs summarise their findings as they relate to 
the likely species replacements and causes of the gorse-forest succession in the 
Dunedin area. 
Native woody seedlings were found at a low density (<2 m-2) in gorse communities 
and were absent from the majority (64%) of gorse stands. However, native woody 
seedlings were present in six of the seven stands older than 25 years. Gorse begins a 
senescent phase at 20-25 years. Gorse stands older than 29 years were not found in the 
Dunedin study but it is assumed that native woody seedlings would continue to grow 
with the new generation of gorse that arises from resprouting stem bases and 
germinating seed as the canopy senesces. 
Based on the above information, Lee et al (1986) put forward an outline of the likely 
species replacements. The initial establishment of gorse results in the suppression of 
any native woody seedlings and the formation of a gorse-dominated community. 
Native woody seedlings usually establish along with resprouting gorse stems as the 
gorse community became senile and would, in time, replace the gorse community. Two 
alternative pathways to the one outlined above were evident in a small number of the 
plots. In the first of these Kunzea ericoides (kanuka) and Leptospermwn scoparium 
(manuka) established with the gorse at the beginning of the succession and reduced the 
length of time required for the succession to occur. In the second, gorse existed as a 
stable community in sites that were continually being disturbed and where the 










By comparing sites in which woody species did and did not occur, it was possible to 
determine factors that favoured and inhibited their establishment Young gorse stands 
containing native woody seedlings had a lower density of gorse stems and more open 
canopy. In older stands, plots containing native woody seedlings were taller and had a 
shallower litter layer than plots that did not contain seedlings. 
These factors suggest causes of succession that can be tested. The exclusion of native 
woody seedlings from stands with a high density of young gorse stems suggests that 
native woody seedlings can not compete with gorse in the open environment following 
disturbance. This results in the establishment of a gorse community following 
disturbance. The gorse community maintains its dominance, resisting any invasion by 
native woody seedlings until it becomes senile, as a result of the build-up of a deep 
coarse-textured litter layer. This litter layer is likely to provide an environment that is 
too dry for the germination and survival of seedlings. Older gorse stands show a 
reduction in litter cover and depth, thus providing an environment in which native 
woody seedlings can establish alongside a new generation of gorse. Manuka and 
Kanuka seedlings were not found under senile gorse although they were present in 
younger, more open plots. This can be attributed to their high light requirements. 
Native woody seedlings that were commonly found in senile gorse communities are 
mainly shade-tolerant broad-leaved species. From existing work it was not possible to 
determine whether these species went on to dominate the gorse community as a result 
of greater competitive ability in the environment of a senile gorse community or simply 
as a result of their longer life span and greater height at maturity. 
Changes in density of gorse stems, canopy cover and litter depth appear to influence 
the ability of native woody seedlings to establish. These are all parameters that change 
with the age of the gorse community. Lee et al (1986) described changes in a range of 
parameters as the gorse community aged. For the first fifteen years there are high rates 
of self-thinning, litter accumulation, height extension and diameter growth. By 20 years 
gorse stands have an average canopy height of 4.0m an average basal area of 50-55m2 
ha-1 and a stem density as low as 2m-2. Canopy cover is high in young gorse stands, 
averaging 60%. It declines until gorse is over 25 years old. In older stands, 
resprouting gorse and the growth of other woody species cause it to increase again. 
Understorey cover decreases with age, as grasses decline rapidly in favour of fems. 











Changes to the gorse community with age help to explain the succession from gorse to 
broad-leaved forest. The understorey environment prevents the establishment of native 
woody seedlings in a young gorse stand but is favourable to their establishment in a 
senile gorse stand. This explains the initial dominance of gorse and suggests that 
auto genie changes are at least partly responsible for the delayed ability ofnative woody 
seedlings to establish. 
Prior to commencing experiments involving manipulation of the succession at Deborah 
Bay, a vegetation survey was carried out to evaluate likely species replacements and 
causes of succession and compare them with those suggested from previous work. 
This ensured that site-specific factors were not overlooked and provided a starting 
point for manipulative work. Deborah Bay was chosen as a study site as the area 
contained gorse communities of different ages and an area of native scrub. This 
provided an opportunity to look at environments representing different stages of the 
succession within a small area. The existence of the adjoining scrub area also increased 











4.2.1 Study Site 
As illustrated in Fig 4.1, Deborah Bay is located 16 km from Dunedin on the Western 
side of the Otago Harbour (NZMS 260 I44 251 873). 
Fi& 4.1 Location map for study site at Deborah Bay 
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The site is close to sea level and has a northerly aspect. Annual rainfall in nearby 
Dunedin is 772 mm and is well distributed through the year. Temperatures are cool to 
mild with few severe frosts. Mean total sunshine hours are 1965 per year, 41 % of the 
possible total (Lee et al 1986). 
Previous vegetation for most of this district was podocarp-broadleaf forest (Wardle 
and Mark 1956). The site has a relatively recent history of clearance, both for farming 











Fi~ 4,2 Aerial photowwh of the study site at Deborah Bay. 
. 4.2.2 Survey methods 
An area centred on a gully containing native scrub and flanked by gorse covered slopes 
was selected. Thirty plots were located by stratified random sampling in an area 
105x120m (marked on Fig 4.2). Within each 2 x 2m plot, the stem diameter at 100 nm 
above ground level, and height were recorded for all woody species with a stem 
diameter greater than 5 mm. A visual estimate of canopy cover was made and canopy 
height measured for each plot. The herb, fem and grass species present in the 
understorey were noted. The percentage ground cover made up of litter, bare ground 
and bryophytes and woody vegetation was estimated for each plot. Tore~ s~b-plots 0.2 
x 0.2m were located at random within each plot and the number and species of 
seedlings less than 30cm tall was recorded. The survey was carried out between mid-
October and mid-November 1991. 
At the end of the vegetation survey, two soil cores to a depth of 10cm (volume of one 
litre) were collected from each plot and combined Soil was sieved using a 2 mm sieve 
and reweighed after drying at 105°C for 24 hours. Soil moisture was calculated from 
the difference in weight and expressed as a percentage of dry soil. The pH of a fresh 
soil solution was measured using a Jenway 3010 meter. Organic matter content was 
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measured by reweighing soil after burning for two hours in a muffle furnace at 5000 C. 
Organic matter content was calculated as a percentage of dry soil. 
The seedling population was re-surveyed on November 25th and 26th 1992 using the 
same method as the previous year. A preliminary trial was carried out to identify 
seedlings germinating from soil collected at Deborah Bay. Seedlings were sketched at 
regular intervals until they were mature enough to be identified. This enabled most 
young seedlings found at Deborah Bay to be readily identified aµd minismised the 
number of unknown seedlings found in this survey. As many of the seedlings 
germinating in spring survived for only a short length of time, the completion of 
sampling within two days also reduced differences due to timing. 
In late November 1992, light readings were taken in the understorey of plots on 
heavily overcast days. Light levels were measured with a quantum sensor (Li-Cor 
190SB). A Cambell 21X data logger was used to record light levels at 1.5m in the 
centre of a 5 x 5 m clearing at Deborah Bay while light levels in the understorey of 
plots were being recorded. Understorey light levels were expressed as a percentage of 
light in the clearing. 
In 1994, at the end of the study, transverse sections of stems were collected for ageing. 
Where possible, five gorse stems were collected from each plot in addition to any 
native woody species that were small enough to cut down with a hand saw. In the 
gully sites mature native trees were not sampled but are assumed to be at least 40 years 
old i.e. older than any of the adjacent gorse. Stem sections were sanded before the 
growth rings were counted. 
4.2.3 Data analysis 
Survey results were analysed using ordination and classification procedures. 
Ordinations were carried out using Detrended Correspondence Analysis 
(DECORANA) (Hill 1979a). Data used were presences and absences of species in the 
canopy, rooted in plots and in the fern and herb layer. Seedling data was analysed 
separ~tely using the square root of the density. Classification analyses were carried out 
using Two-Way Indicator Species Analysis (TWINSPAN) ( TWINSP AN uses an 
ordination to make a preliminary division of plots and then uses indicator species (i.e. 
species that are common in one group of plots and rare in another) to make and refine 
further divisions (Hill et al 1975). 
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Correlations of the axis of ordinations against environmental parameters were carried 
out in SAS (SAS Institute Inc.1989). Linear regressions were used to examine 
relationships between age of gorse stands and environmental variables. These were 
carried out in the graphing programme PRISM (Graph Pad Prism 1994). 
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4.3 RESULTS 
4.3.1 Description of vegetation 
Fig 4.3 is an ordination of the presence or absence of species in plots. The following 
were recorded: woody species rooted in the plot, woody species present in the canopy, 
ferns, grasses and herbs in the understorey and climbers and scramblers. Woody 
seedlings were analysed separately. Correlations with the ordination axis show that 
axis 1 is strongly correlated with age or length of time since disturbance (r = 0.83, p < 
0.001). Axis 1 is also correlated with pH (r = 0.55, p< 0.01), light level in the 
understorey (r= -0.45, p< 0.05) and litter depth (r = -0.37, p< 0.05). On the left of the 
ordination are young, recently disturbed plots with low pH, high light levels and deep 
litter. Axis 2 is correlated with percentage of ground cover in litter (r = -0.47, p<0.01). 
TWINSPAN groups the vegetation into the four types (A,B,C,D) that are shown on 
the ordination diagram. Table 4.1 shows the species associated with each of the 
vegetation types. 
Fig 4.3. Detrended correspondence analysis of Plots at Deborah Bay based on the 
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Table 4.1 Percentage occurrences of species in vegetation types at Deborah Bay as 
defined bv TWINSP AN 
Species Grouoin2s 
Canopy Canopy Canopy 
Cytisus scoparius* Kunzea ericoides Aristotelia serrata 
Melicytus ramiflonts Pseudopanax arboreus 
Ripogonum scandens 
Rooted presences Rooted presences 
Cytisus scoparius* Melicytus ramiflonts 
Kunzea ericoides Dicksonia squarrosa 
Ulex europaeus* Pseudopanax arboreus 
Understorey Understorey Understorey 
Pteridium esculentum Asplenium terrestre Blechnum procerum 
Senecio minimus Blechnum jluviatile Blee/mum discolor 
Senecio jacobeaea* Po/ystichum vestitum 
Hypochaeris radicata* Asplenium bulbifentm 











Rubus fruticosus* Scramblers 




A 66% 33% 1% 0% 
B 57% 14% 25% 4% 
C 0% 12% 54% 34% 
D 0% 4% 32% 64% 
* exotic species 
llO 
Ye&etation type A : Gorse/Bracken 
Plots in the Gorse/Bracken community have gorse in the canopy, either alone or in 
combination with Pteridium esculentum (bracken) or Leycesteria f ormosa (himalayan 
honeysuckle). The gorse averages seven to eight years in age and two metres in height 
The understorey is either bracken or a mixture of grasses and herbs (see Table 4.1 for 
species). The vines Rubus fruticosus, R. cissoides or Muehlenbeckia australis are 
found in 60% of the plots. While gorse is present in every plot and visually dominates 
the community (Fig 4.2), 33% of the species found are native and these represent 41 % 
of the occurrences. The most common natives are bracken and Senecio minimus. 
Bracken is found in 80% of the plots and S. minimus in 70%. Plots in the 
Gorse/Bracken community are found furthest from the native gully on abandoned farm 
land and land that is steep and unstable (Fig 4.4). 
Ye&etation type B Gorse /Kanuka 
Gorse in association with Cytisus scoparius (broom), kanuka, Melicytus ramiflorus 
!•\ % 
(Mahoe) or Pittosporum eugenoides ~monwood) comprise the canopy of this 
vegetation type. The gorse averages 17 years of age and 3 min height. Ferns, including 
Asplenium bulbiferum and Polystichum vestitum are found in the understorey in 
addition to the herbs and grasses found in the Gorse/Bracken vegetation. The 
Gorse/Kanuka community contains a greater variety of native species than the 
Gorse/Bracken vegetation and these make up 69% of the species occurrences. Plots in 
the Gorse/Kanuka community are located between the younger gorse plots and the 
native scrub and forest communities in the gully (Fig 4.4). 
Ye&etation type C: Kanuka/Mahoe 
Kanuka or mahoe are components of the canopy in this community, although gorse is 
also still found in some areas. Light levels in the understorey are low and ferns are the 
dominant understorey species. They replace the grasses and herbs of the gorse 
dominated communities. Plots in the Kanuka/Mahoe community are located in the 
gully area (Fig 4.4) 
Ye~etation type D: Mixed Native 
All species found in these plots are native. The canopy is more diverse, comprising v,,, h,, 
mixtures of ~ohoe, Kanuka, Aristotelia serrata, Pseudopanax arboreus and 
Ripogonum scandens. Dicksonia squarrosa and a range of Blechnum spp are found in 
the understorey. The mixed native community is located in the gully area (Fig 4.4). 
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Fig 4.4 Map of plant communities derived from an ordination of 30 vegetation plots 
at Deborah Bay 
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More details of levels of slope, soil moisture, light level and other environmental 
parameters measured for plots in each plant community is given in Appendix 3. 
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4.3.2 Changes in the Gorse Community with Age 
Height increased (Fig 4.5) and density of gorse stems decreased (Fig 4.6) with 
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The percentage of ground cover either as bare soil or bryophytes was highly variable 
and the tendency for it to increase as a gorse stand aged was not significant (Fig 4.7). 
No significant trend in litter depth with age was found although the tendency was for 
litter depth to decrease with age (Fig 4. 8). 
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Previous research has shown a build up in litter depth in young gorse plots followed by 
a decline as gorse becomes senile (Lee et al 1986). This was not evident in the current 
study. This can be explained by the amount of gorse in a plot and the influence of other 
species growing in the plots with the gorse. Bracken was also present in many of the 
young gorse plots and was associated with a deep layer of bracken litter. As bracken 
created a deeper litter layer than gorse, there was a negative relationship (R2 = 0.41) 
between the percentage of the canopy made up of gorse and litter depth for plots in 
which gorse was less than eight years in age (Fig 4.9). In older plots, the most 
common canopy species in addition to gorse were kanuka and mahoe. These species 
do not produce a deep litter layer. Therefore, there was a strong positive relationship 
(R2 = 0.61) between the percentage of gorse in the canopy and litter depth (Fig 4.9). 
Fig 4.9 Linear regression of litter depth ag:ainst % gorse in canopy for two 
different age classes of plots 
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Fig 4.10 shows that there was no significant relationship between age of gorse and the 
light level in the understorey. 
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As for litter depth, light level is also affected by the presence of other species in the 
canopy. An increase in light level with age is evident when only plots containing more 
than 70% gorse in the canopy are analysed (Fig 4.11). 
Fig 4, 11 Linear regression of % light in understorey vs age of gorse in cancu,y for 
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4.3.3 Seedlings 
An ordination of plots based on the seedlings found in them is presented in Fig 4.12. 
The first axis of the ordination explains the majority of the variation (eigenvalue = 
0.69) and is significantly correlated with age (r = 0.60), soil moisture (r = 0.52) and 
litter depths (r = 0.38). Plots on the left tend to be young with dry soil and a shallow 
litter layer while plots on the right tend to be older with moister soil and a deeper litter 
layer. The three major groups from the classification analysis have been superimposed 
on the ordination (Fig 4.12). The seedlings associated with these groups are presented 
in Fig 4.13. This shows two major groups of seedlings. The first consists largely of 
exotic herbs and grasses while the second consists largely of native woody seedlings. 
Eighty one percent of the seedlings in the younger group of plots (group A) are exotic 
herbs and grasses with the remainder made up of native woody seedlings. In the older 
plots (group B), the reverse is true with 84% of the seedlings belonging to group 
dominated by native woody species. Parsonsia heterophylla was the only species 
present as a seedling in plot 13. This differentiates it from other plots into a group of 
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Fig 4.13 Detrended correspondence analysis of seedlings based on the plots in 
which they were found.The groupings were determined by TWINSPAN 
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Full names of species abbreviated in Fig 4.13 are given in the list of abreviations in the preface 
Species in bold are native trees and shrubs 
The strong relationship between mature vegetation and the seedling population is 
demonstrated by the strong correlation between the major axis of the seedling 
ordination and the major axis of the ordination of mature vegetation (r = 0.55). The 
forest vegetation in the undisturbed gully at Deborah Bay (Kanuka/Mahoe and Mixed 
Native vegetation) had a high proportion of native woody species in the seedling 
population and the younger, largely gorse dominated plots (Gorse/Bracken and 
Gorse/Kanuka vegetation) had more gorse, grasses and herbs in the seedling 
population. 
The major division in the classification of mature and seedling populations did not lead 
to identical groupings. Four of the plots which fitted into the Gorse/Kanuka 
community on the basis of their mature vegetation had seedling populations more 
similar to the native forest communities than to other plots in the Gorse/Kanuka 
community. Other plots from the Gorse/Kanuka community were similar to the 
younger gorse plots in the Gorse/Bracken community on the basis of their seedling 
populations. This is illustrated in Fig 4.14 
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The axis, and groupings enclosed by lightly shaded lines are those from the ordination and 
classification of mature vegetation. The bold lines and writing refer to the classification of seedlings. 
The presence of native woody seedlings in the gorse-dominated communities would be 
evidence for a succession from gorse to forest The fact that four plots in the 
Gorse/Kanuka community had a high proportion of native woody seedlings could be 
seen to support this. However, two of these plots did not contain gorse, instead they 
were dominated by kanuka (Plots 4 and 14). The remaining two plots were on the 
boundary of the native gully area and had a mixture of mahoe and gorse in the canopy 
(Plots 7 and 21, see map in Fig 4.4). Evidence from the ordination and classification 
indicates that any likely future replacement of gorse by native woody species is 
confined to boundary plots, suggesting a very slow succession. While the proportion of 
native woody species to exotic herbs and grasses was lower in plots classified into type 
A on the basis of their seedlings, native woody seedlings did occur in many of these 
plots. The distribution of the more common native woody seedlings kanuka, 
Aristotelia serrata (wineberry) and mahoe were investigated in more detail through 
correlation with enviromrental parameters and investigation of vegetation types and 
individual plots. 
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Overall, the number of native seedlings decreased with distance from the native gully 
(Fig 4.15) and increased with increasing age of the plots (Fig 4.16) 
Fig 4.15 Linear regression of the number of native seedlin&:5 a1¢nst the distance from 
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Fig 4.16 Linear regression of number of native seedlings against age of plot for the 30 
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The abundance of kanuka seedlings was found to be correlated with light levels (r = 
0.39, p<0.05) i.e. there were more kanuka seedlings in lighter plots. There was no 
significant correlation with litter depth or litter cover, age, aspect, slope or soil 
moisture. 
More than 75% of the kanuka seedlings in the Gorse/Bracken vegetation, were found 
in two plots. One of these was the plot with the highest light level while the second had 
a low density of gorse stems and was distinctive for its shallow litter layer and low 
percentage ground cover in litter. Kanuka seedlings were both more widespread and 
more abundant in the Gorse/Kanuka vegetation than the Gorse/Bracken vegetation 
(Table 4.2 and Table 4.3). In the Gorse/Kanuka vegetation, a small number of plots 
still accounted for a large proportion of the kanuka seedlings with 60% in one plot. 
This plot was on the boundary between the gorse community and the native gully. In 
the remainder of the Gorse/Kanuka plots, the density of kanuka seedlings averaged 9 
seedlings m-2. Kanuka seedlings were found in five further plots in the gorse/k:anuka 
vegetation. All of these plots either had a high light level or kanuka present in the 
canopy. The reduction in the density of kanuka seedlings in the native plots (Table 4.3) 
can be explained by the low light levels associated with these plots. 
Table 4.2 Proportion of plots in each vegetation type containing seedlings of kanuka, 
mahoe, wineberry and gorse 
Gorse/Bracken Gorse/Kanuka Mahoe/Kanuka Mixed Native 
kanuka 56% 85% 100% 66% 
mahoe 77% 77% 100% 100% 
wineberrv 33% 69% 25% 66% 
gorse 66% 85% 75% 0% 
Table 4.3 Average density of seedlings ofkanuka, mahoe, wineberry and 
gorse in each vegetation type 
Gorse/Bracken Gorse/Kanuka Mahoe/Kanuka Mixed Native 
kanuka 3.8 m-2 21.2m-2 11.8 m-2 5.4m-2 
mahoe 2.6m-2 20.3m-2 120.3 m-2 61.1 m-2 
wineberrv 1.7 m-2 3.4m-2 0.5 m-2 2.7m-2 
gorse 95m-2 73m-2 18m-2 o.om-2 
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The density of mahoe seedlings was not significantly correlated with any of the 
environmental variables measured. In the Gorse/ Bracken vegetation mahoe seedlings 
were abundant in only one plot. This plot was adjacent to an isolated fruiting mahoe 
tree. The average density in the remaining plots was < 2 m-2. Mahoe was more 
abundant in the Gorse/Kanuka vegetation (Table 4.3). Plots with large numbers of 
mahoe seedlings within this vegetation type were those containing mahoe and gorse in 
the canopy. The presence of mahoe seedlings in native communities is also explained 
by the abundance and widespread occurrence of mahoe in the canopy. 
As for mahoe, the abundance of wineberry seedlings was not significantly correlated 
with any of the environmental parameters measured. Wineberry seedlings were less 
abundant in all vegetation types than kanuka or mahoe seedlings. The low number of 
seedlings makes any conclusions regarding their distribution very tentative. Only one 
plot in the Gorse/Bracken community had more than one wineberry seedling present 
The major difference between this plot and nearby plots was the low percentage of 
ground cover in litter. Like mahoe, wineberry was more abundant in Gorse/Kanuka 
plots containing native species in the canopy. However, there was a lower abundance 
of wineberry seedlings in the Kanuka/Mahoe community than in the Gorse/Kanuka 
community despite the presence of native species in the canopy. As these seeds are 
bird dispersed (Burrows 1994) their distribution will be affected by the presence of 
perching sites for birds. 
Gorse seedlings were markedly more abundant in the Gorse/Bracken and 
Gorse/Kanuka communities than any of the native woody seedlings (Table 4.3). The 
number of gorse seedlings in a plot was significantly correlated with age (r= -0.40, 
p<0.05) with fewer gorse seedlings in older plots. In the Gorse/Bracken community, 
gorse seedlings were absent from plots in which bracken dominated the canopy and 
from the plot with the deepest gorse litter (50cm). The absence of gorse seedlings 
from these plots largely explained the lower number of gorse seedlings in the 
Gorse/Bracken community as a whole than in the older Gorse/Kanuka community. In 
the older community a high number of gorse seedlings was associated with a high 
proportion of gorse in the canopy. Density of gorse seedlings declined with age and 
was low in native communities. 
As the survey was carried out in early summer, many of the native woody seedlings 
observed were very young. For a succession to occur these seedlings would have to be 
capable of growth and survival. Fig 4.17 shows the number of individuals in the 0-2cm, 
2-30cm seedling classes and the >30cm class for the common native woody seedlings 
and gorse in each of the four major vegetation classes at Deborah Bay. These figures 
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allow for an estimate of the proportion of small seedlings that survive to contribute to 
the larger size classes. As cohorts of seedlings were not followed, these figures provide 
an estimate only. They do not allow for differences between seasons or changes in the 
communities between the time in which the individuals in the larger size class 
established and the current seedlings germinated. 
For kanuka, 8.5% of the seedlings in the smallest size class in the gorse communities 
would be expected to survive for long enough to reach 2 cm in height. Survival of 
these larger seedlings appeared to be higher with 23% and 50% reaching at least 30cm 
in the Gorse/Bracken and Gorse/Kanuka communities respectively. Survival in the 
gorse communities was higher than under forest cover with no individuals taller than 
30cm in these communities. 
Survival of rnahoe seedlings from the smallest size class into the 2-30cm class was 
highest in the gorse/bracken community at 35% and successively lower in the 
Gorse/Kanuka (8.3%), Kanuka/Mahoe (4.7%) and mixed native (0.4%) communities. 
Despite a poorer chance of survival, there were still a greater density of rnahoe 
seedlings in the two larger size classes in the older forest vegetation than the younger 
gorse communities. The absence of rnahoe individuals taller than 30cm in the 
Gorse/Bracken community could be the result of either unsuitable conditions for the 
continued growth and survival of rnahoe seedlings or an absence of small seedlings 
from previous years. 
There were no wineberry individuals taller than 30cm in any of the plots at Deborah 
Bay. While 29% of seedlings in the smallest size class would be expected to survive 
and grow to > 2cm in the Gorse/Bracken community, as yet none of these seedlings 
have been recruited into the >30cm size class. A similar pattern is evident in the 
Gorse/Kanuka community. None of the wineberry seedlings germinating under forest 
cover appear to be growing or surviving to be recruited into the 2-30crn size class. 
Gorse seedlings show a similar pattern of survival in both the Gorse/Bracken and 
Gorse/Kanuka community with high survival of seedlings from the smallest size class 
to the intermediate size class. Recruitment of seedlings into the largest size class was 
lower but still represents a high density of individuals. Survival was slightly lower in 
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4.4 CONCLUSIONS 
The explanation of the gorse-forest succession as outlined in Section 4.1 predicts that 
native woody seedlings would be largely absent from young gorse stands as a result of 
the high density of gorse stems. Native woody seedlings were widespread at Deborah 
Bay but their density was generally low in plots containing young gorse. With the 
exception of kanuka, there was no evidence of any recruitment beyond the seedling 
stage (>30cm tall). Young gorse stands had a high density of gorse stems at Deborah 
Bay and density reduced with age. With the possible exception of kanuka, there was 
little evidence of high density of gorse stems preventing the establishment of native 
woody seedlings. The establishment of kanuka was most likely in plots with high light 
levels and/or a low density of gorse stems. The presence of young seedlings of mahoe 
and wineberry seemed to be determined more by the proximity of native woody species 
than any- particular aspect of the gorse community. Plots containing younger gorse ( < 7 
years) would be required to make any further conclusions regarding the effect of initial 
high density of gorse on the establishment of native woody seedlings. 
The opening up of the gorse canopy as the gorse ages was believed to provide a 
suitable environment for the establishment of native woody seedlings (Hackwell 1980). 
The survey by Lee et al (1986) suggested that litter depth may be the important factor 
in determining the suitability of the understorey for the establishment of native woody 
seedlings. The average abundance of kanuka, wineberry and mahoe was greater in the 
older gorse plots in the Gorse/Kanuka vegetation than in the Gorse/Bracken 
community at Deborah Bay. High densities of native woody seedlings were not 
associated with plots with a more open canopy. Native woody seedlings were absent 
from older gorse plots that still had a high coverage of deep litter, regardless of 
increases in light level as the gorse canopy opened up. 
In the Gorse/Kanuka community, a high density of native woody seedlings was found 
in plots in which mature, fruiting, native species contributed to the canopy. When these 
plots were removed from the analysis, the density of native woody seedlings found was 
similar to that in the Gorse,lBracken community. This is consistent with the findings of 
Lee et al (1986) that native woody seedlings occurred at a low density in all age 
classes until gorse becomes senile. 
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Only three plots contained gorse older than 20 years. Each of these plots had a high 
density of native woody seedlings. Native woody species were a component of the 
canopy for each of these plots as they were located on the boundary of the native 
gully. This prevents the separation of the effect of age of the gorse community from 
proximity to seed sources and the different environment of the forest understorey. The 
question of whether senile gorse stands provide a suitable environment for the 
recruitment of native woody seedlings in the absence of native species in the canopy 
can not be answered at Deborah Bay. 
The low density of gorse seedlings in native communities at Deborah Bay can not be 
interpreted as evidence of the ability of native species to exclude gorse. The native 
communities do not have a history of gorse presence; i.e. they are not examples of the 
end point of a gorse-forest succession, but remnants of a previous forest vegetation 
which never contained gorse. 
In general the results of the survey at Deborah Bay are consistent with the succession 
outlined in the introduction. Recruitment of native species other than kanuka is not 
evident in the younger gorse plots, but is beginning to occur in the older plots. There 
was little evidence to support or reject the importance of the effect of gorse stem 
density, litter depths or light levels on the establishment of native woody seedlings. 
Survey work was seen only as a first step in the current study of succession. While 
valuable information can be gained, much of it must be viewed with caution due to the 
problems of assuming a sequence of events from nearby areas of different ages. 
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CHAPTER 5: AVAILABILITY OF SEED 
5.1 INTRODUCTION 
The range of species that establish following a disturbance is restricted by the seed that 
is available. Species in a plant community at the time of disturbance will not all be 
present in the seed bank. Differential availability of seed is seen as one of the major 
causes of succession (Pickett et al (1987) (see Section 1.2). In the following 
introduction the role of differences in seed availability in detennining successions is 
discussed. Results of a seed bank study at Deborah Bay are presented. They are 
compared with other seed bank studies and their implications for the succession from 
gorse to broad-leaved forest are outlined. 
5.1.1 Soil seed banks as a measure of seed availability 
Seed in the soil following a disturbance can come from two sources. These are seed 
present at the site in the form of a seed bank, and seed dispersing into the area. Very 
few studies specifically differentiate between seed rain and the seed bank as a source of 
seed. In those that do, there is considerable variation in the importance given to buried 
seed banks (Garwood 1989). There is evidence, that for locations with a marked 
seasonal pattern of seedling recruitment, the seed bank will largely determine what 
seed is available (Jimenez and Armesto 1992). In the current study, the seasonal 
pattern of seedling germination (see Section 6.32-6.34) makes it likely that the seed 
bank alone will give a close approximation of total seed availability. 
Timing and depth at which soil is collected influences the species that are represented 
when the seed bank is sampled (Nakagoshi 1985). Autumn collection of soil has been 
shown to give the largest number of germinating seeds (Nakagoshi 1985). The only 
group of species likely to be absent, are those with a transient seed bank with seed 
present only during summer. As such a seed bank strategy is considered to be a way of 
exploiting the desirable conditions in communities affected by seasonal drought 
(Thompson and Grime 1979) it is unlikely that species with this strategy will be 
common in areas (such as Dunedin) with a well distributed rainfall. Including the litter 
layer in the seed bank sample ensures that recently dispersed seed that has not been 
incorporated into the soil is included . 
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5.1.2 Seed banks and succession 
The focus of the current seed bank study is the effect that seed availability has on 
species replacement during a succession. The composition of the seed bank determines 
the possible range of species that can establish following disturbance. It acts as a 
starting point from which differential species performance will determine the species 
composition of the resulting plant community. The composition of a seed bank reflects 
several different processes. Seed rain, seed longevity, seed predation, and dormancy 
and germination characteristics of individual species, influence the quantity and 
diversity of seeds that make up a seed bank (Leck et al. 1989). To a large extent, the 
composition of the seed bank will be determined by the species in the vegetation prior 
to disturbance and the ability of seed of these species to persist in the seed bank. The 
degree of persistence of seed appears to be closely related to the successional status of 
a species with early-successional species being more persistent (Pickett and McDonnell 
1989). 
Persistence of seed in a seed bank is commonly thought of as a mechanism for plants 
that can not tolerate the environment between disturbances. It allows them to survive 
and be available when the next disturbance occurs. In this way short lived pioneer 
plants can persist between disturbances. Species of later successional stages tend to 
have transient seed as they either persist as adults between disturbances or have 
another mechanism such as a persistent seedling stage (Pickett and McDonnell 1989). 
Persistence can be studied by collecting soil at different depths down the soil profile. 
Most of the seed at depth in the soil belongs to the persistent seed bank as transient 
seed does not remain viable for sufficient time to become buried (Thompson and 
Grime 1979). 
While the abundance of early-successional species in the seed bank is widely accepted, 
it is less clear whether late-successional species are also represented. Many cases have 
been documented in which species of all stages of the succession appear very soon 
after disturbance (Drury and Nisbet 1973). These provide evidence for the ideas of 
initial floristics in which a variety of species are believed to be present from the start of 
the succession with changes in species dominance occurring due to differences in 
longevity and size at maturity (Egler 1954). In other studies, animal-dispersed seeds 
have been found to be absent early in a succession, appearing later as a result of the 
facilitative role of existing vegetation in providing a suitable habitat for the animals that 
disperse them (Pickett et al. 1987). Whether or not late-successional species occur in 
the seed bank early in successions appears to vary from community to community. 
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5.1.3 Seed bank size and species richness 
The size of seed banks varies both within and between plant communities with 
reported ranges of from 628-13,181 seeds m-2 for deciduous forests (Pickett and 
McDonnell 1989), 3.2-1000 seeds m-2 for coniferous forests (Archibold 1989) and 34-
7000 seeds m-2 for tropical forests (Garwood 1989). Species richness varied from 5-
41 species for the studies quoted above. These results demonstrate large differences 
between seed banks of different vegetation types and suggest that it is important to 
look at closely related plant communities when making predictions regarding the seed 
bank. Enright and Cameron (1988) found few previous seed bank studies in New 
Zealand forests when they did their study of the seed bank of an Agathis australis 
remnant in the Waitakere Ranges. They found an average of 1131 seeds m-2 and a 
total of 42 species at an average of 17 species per site. A study of seed banks of 
secondary vegetation near Christchurch (Partridge 1989) revealed seed densities 
ranging from, 5-3789 seeds m-2; species richness varied from 3-26. 
5.1.4 Comparisons between the species composition of seed banks and standing 
vegetation 
As a generalisation it has been found that seed banks diverge from the standing 
vegetation (Leck et al 1989). In a study including similar communities to the current 
one, considerable divergence was found between the species in the standing vegetation 
and the seed bank in secondary vegetation near Christchurch (Partridge 1989). Only 
35% of species in the seed bank grew directly at the site but this increased to 72% if 
species growing within 10m were used to describe standing vegetation. Differences 
between the species composition of the standing vegetation and that of the seed bank 
would be expected to result in the establishment ,of a different plant community 
following disturbance. 
5.1.5 Changes in the seed bank as a succession progresses 
Species richness and density of the seed bank has been found to decline through the 
stages of a succession (Pickett et al 1989). This is attributed to the differing seed bank 
strategies of early- and late-successional species. Nakagoshi (1985) found that in the 
temperate forests of Japan "the density of buried seeds increases in the early stages of 
secondary succession, comes to a maximum in the secondary forest and decreases later 
in the climax forest". The greater diversity in the seed banks of secondary forest 
communities when compared with grassland, bracken and scrub (Partridge 1989) 
supports this finding. 
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5.1.6 The seed bank in the gorse-forest community 
The study sites investigated by Lee et al (1986) were within 100m of native scrub or 
forest and assumed to contain seed dispersed from local stands of native woody 
species. However, seed banks were not investigated and little is known of the dispersal 
characteristics of these species. Individuals from the plant community in the current 
study have been found in seed bank studies in other communities. Melicytus 
ramijlorus, Fuchsia excorticata and Aristotelia serrata were found to be abundant in 
the seed bank at sites where they were common in the standing vegetation but did not 
appear to be persistent (Partridge 1989). In the same study, most other native tree 
species were found at only one or two sites and were usually absent from the seed 
bank even when an adult was growing within 10 m. Species exhibiting this behaviour 
included Pittosporum eugenioides, Pittosporum tenuifolium, Myrsine australis, 
Pennantia corymbosa, Coprosma areolata, C. linariifolia, and Coprosma propinqua. 
In the seed bank of an Agathis australis remnant Kunzea ericoides, Coprosma 
arborea, Myrsine australis and Carpodetus serratus were described as dominant 
(Enright and Cameron 1988). Later-successional species, in particular gymnosperms, 
were absent from the seed bank in this study despite a nearby seed source. 
Studies on the seed bank of Ulex europaeus have shown that its seed can lie dormant 
for a period of 30 years or more (Zabkiewicz 1976). Ulex europaeus seed can become 
buried and form a persistent seed bank in secondary forest communities (Partridge 
1989). Seed bank densities of up to 20,742 seeds m-2 have been recorded for Ulex 
europaeus alone (Popay and Adams 1990). 
5.1.7 Outline of study 
The composition of the seed bank at Deborah Bay was examined and the range of 
species that would be available following disturbance was determined. Changes in the 
seed bank as the succession progresses and similarity to the standing vegetation were 
also studied. Of particular interest was the presence or absence of native woody 
species in the seed bank at different stages of the succession. The degree of persistence 
of species in the seed bank was examined by collecting soil at different depths. 
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5.2 METHODS 
Soil was collected in Autumn (5/5/92), from eight of the 30 vegetation survey plots at 
Deborah Bay. The location of plots from which soil was taken and the vegetation type 
of that plot (as detennined from the vegetation survey, results of which are presented 
in Chapter 4) is shown in Fig 5.1. All four plant communities found at the study site 
were included in the sample. The age of canopy species ranged from 8 to > 40 years 
old (Table 5.1). · 
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Table 5.1 Ye~tation type, a~ and canopy composition of plots san:wled for seed 
bank study 
Plot no. 26 23 2 18 7 21 12 20 
Age 8 9 8 18 18 36 >40 >40 
Canopy Gorse Gorse Gorse Gorse/ Gorse/ Gorse/ Kanuka Kanuka/ 
Kanuka Mahoe Mahoe Mahoe 
Community* A A B B B B C D 
* see Chapter 4 for community descriptions 
Within each of the eight, 2m x 2m plots, two sampling points were chosen at random 




Surface litter within a 0.2m x 0.2m quadrat 
Soil to a depth of 2.5 cm in the same 0.2m x 0.2m quadrat 
Soil from a depth of 2.5 cm- to 12.5 cm in a O. lm x O. lm 
quadrat, centred below where the litter and top layers had been 
removed. 
The two depths of soil that were collected, 0-2.5cm and 2.5-12 cm, were chosen 
because 2.5cm was found to coincide with changes in seed bank composition, in 
secondary vegetation close to Christchurch (Partridge 1989). 
Choice of sample number and size was based on general recommendations made by 
Gross (1990) in her methodological study. Each sample was mixed before dividing into 
two replicates of known weight and volume (close to 400 cm3). Direct germination 
was used to determine viable seed in the soil. This method has been found to be more 
reliable in determining species composition than washing soil to separate seed. 
However, it is still likely to provide an under-estimate of density and species richness 
as appropriate germination cues may not be provided for the full range of species 
(Gross 1990). 
Samples were put into (11 x 16 x 6 cm) perforated plastic trays on top of a 2.5 cm 
layer of sand. There were 12 trays from each of the eight plots. (two replicates, A and 
B, from two sampling sites, 1 and 2, at three depths, L,T and B). Two control trays 
with sand only were also included. 
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Samples were arranged at random in large metal trays in a glasshouse. Trays were 
watered regularly. The water level was maintained at just below the soil level. Initially 
a 16 hr lighting period and heating was used but these were discontinued during a 
power shortage in the 1992 winter. Temperatures ranged from 5-32 oc during the 
study. The variable conditions and the increase in temperature and daylength with the 
onset of spring were expected to encourage germination of a range of species similar 
to that anticipated in the field following a disturbance. 
Following the setting up of the seed trays on 8/5/92, germination was noted weekly at 
first, then at decreasing intervals for a year. In late September, 20 weeks after 
establishment of the experiment, soil was stirred to bring deeper seed to the surface. 
Most seedlings were identified and removed when one to two weeks old. A 
preliminary seed bank experiment in 1991 had been used to gain familiarity with 
identification of young seedlings for the species common in the seed bank at Deborah 
Bay. Two-week old seedlings that could not be identified were transplanted and 
grown on for later identification. Seedlings likely to have originated in the glasshouse 
and surrounding vegetation rather than in the soil at Deborah Bay were identified from 
control plots. Such seedlings were eliminated from the results before any analysis was 
undertaken. 
By early March 1993, only Ulex europaeus, Cytisus scoparius and foreign seed were 
still germinating. Consequently the trays were moved outside and monitored until 
November 1993 when the soil was sieved and the remaining U. europaeus and C. 
scoparius seed were removed and counted. 
Seedling counts per tray were converted to equivalent seed density on the forest floor 
(seeds m-2). For the soil samples the values were seeds m-2 per 2.5cm depth. Data 
were analysed using ordination and classification procedures. Ordinations were carried 
out using detrended correspondence analysis (DECORANA- Hill 1979a). Data used 
were the densities of seedlings germinating in each tray. Oassification analyses were 
carried out in TWINSPAN (Hill 1979b). Linear regressions of axes from 
DECORANA, were carried out in the graphing programme PRISM (Graph Pad Prism 
1994) to compare the seed bank with mature vegetation. 
Persistence of species was studied by calculating the percentage of the total seed that 
was found in the bottom layer of the soil. This allowed for the comparison of species 
that were present at a large range of abundances. 
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5.3 RESULTS 
5.3.1 Seed bank composition 
The seed bank at the field site at Deborah Bay is large, ranging from 8,000 to 65,000 
seeds m-2 in the litter and top 12.5 cm of soil. Between 11 and 25 species germinated 
from each plot and thirty-eight species were found in the seed bank overall. The 
species present and their contribution to the seed bank is presented in Table 5.2. 
Table 5.2 Species diversity and abundance in the seed bank at Deborah Bay 
Species % of seeds ner m-2 
Agrostis capillaris 1.5 
Anagallis arvensis <1 
Anthoxanthum odoratum <1 
Aristotelia serrata 4.5 
Cardamine hirsuta 1 <1 
Carpodetus serratus <1 
Carex spp <1 
Centaurium erythraea <1 
Crataegus monogyna 1 <1 
Cytisus scoparius 2.6 
Dactylis glomerata 1 <1 
Digitalis purpurea <1 
Epilobium nummularzfolium <1 
Fuchsia excorticata 4.8 
Galium aparine 1 <1 
Hebe salicifolia <1 
Hieracium lepidulum <1 
Holcus lanatus <1 
Hydrocotyle moschatum <1 
Hypericum androsaeum 2.2 
Juncus bufonius 10.4 
Juncus gregijlorus 1 <1 
Kunzea ericoides 3.1 
Leycesteria formosa 5.2 
Lotus pedunculatus 1 <1 
Melicytus ramiflorus 11.2 
Muehlenbeckia australis <1 
Parsonsia heterophylla <1 
Pelargonium inodorum <1 
Pseudopanax arboreus <1 
Pseudognapthalium luteoalbum <1 
Schefflera digitata <1 
Senecio jacobaea <1 
Senecio minimus 3.8 
Senecio vulgaris <1 
Solanum laciniatum 1.0 
Trifolium repens <1 
Ulex eurovaeus 41.6 
1 Only one individual was found for these species. They have been grouped with the unknowns to 
simplify future results. 
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A table of the number of seeds m-2 of each species in each of the eight plots in the 
litter layer and the two depths of soil is given in Appendix 4. 
Gorse seed dominated the seed bank, making up 41.6% of the seeds. Eight species of 
native trees were found: Aristotelia serrata, Carpodetus serratus, Fuchsia excorticata, 
Hebe salicifolia, Kunzea ericoides, Melicytus ramijlorus and Pseudopanax arboreus. 
Together they made up 23.6% of the germinating seeds. The remaining germinating 
seeds were a mixture of grasses, rushes, herbs, shrubs and vines. Agrostis capillaris, 
Juncus bufonius, Hypericum androsaeum, Senecio minimus, Solanum laciniatum, 
Leycesteria formosa and Cytisus scoparius each made up at least 1 % of the number of 
seeds per m-2. 
5.3.2 Comparison with standing vegetation 
Fifteen of the 38 species found in the seed bank were not found in the initial 30 plot 
vegetation survey. However, five of these species, Cardamine hirsuta, Carex spp, 
Epilobium nummularijolium, Hebe salicifolia and Schefflera digitata have been noted 
at other times in undisturbed vegetation within the 105 m x 120 m of the initial 
vegetation survey. A further two (Juncus bufonius and Trifolium repens), are common 
in the adjacent pasture that was not sampled. This leaves eight species: Epilobium 
ciliatum, Hydrocotyle moschatum, Hieracium lepidulum, Juncus gregijlorus, Lotus 
pedunculatus, Pelargonium inodorum, Pseudognapthalium luteoalbum and Senecio 
vulgare that appear to originate from previous vegetation or outside the study area. 
While there were marked differences in the species represented in the mature 
vegetation and the seed bank at Deborah Bay, the contribution of species which were 
not present in the mature vegetation was small in terms of number of seeds. Juncus 
bufonius, which was abundant in adjacent pasture was the only species not found in the 
vegetation survey that made up more than 1 % of the seed number. 
There were 28 seed bearing species, representing 50% of the total flora that were 
present in the mature vegetation at Deborah Bay but were not found in the seed bank. 
Seeds of some of these species may have been present in the seed bank but failed to 
germinate. Only eight of these species were found in three or more of the plots in the 
mature vegetation survey. They are Rubus cissoides, Rubus fruticosus, Sonchus 
olereaceus, Crepis capillaris, Myrsine australis, Griselinia littoralis, Coprosma 
rotundifolia and Pennantia corymbosa. A further four late-successional woody species 
were present in two plots at the site but were absent from the seed bank. they were, 
Pittosporum eugenioides, Pittosporum tenuifolium, Pseudopanax arboreus and 
Coprosma areolata. 
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5.3.4 Variation in the seed bank 
The seed bank at Deborah Bay varied from plot to plot and with depth. An ordination 
of plots is presented in Fig 5.3. The major axis of variation in the ordination of seed 
bank plots was closely related to that of the mature vegetation (Fig 5.2). This suggests 
that either directly or indirectly, the mature vegetation is important in determining the 
composition of the seed bank. Length of time since disturbance appears to be a major 
factor in determining both mature vegetation and seed bank composition, with older 
plots found to the right of the ordinations. The second axis of the seed bank ordination 
is related to depth, with litter samples at the bottom of the ordination and samples from 
2.5-10 cm found closer to the top of the ordination. 
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A combination of ordination and classification techniques showed two major groupings 
of plots and species (Fig 5.2 and Fig 5.4). The first group of plots, the younger plots, 
had seed banks dominated by the species in Group A i.e. gorse, herbs and grasses 
while species in Group B i.e. native woody species were more abundant in the older 
plots. The groups of species were not clearly separated by the ordination (Fig 5.4). 
In the younger plots, (plots 2, 23, 26, 18 and 7) gorse made up 51-68% of the seed. 
Other common species were Senecio minimus, Leycesteria formosa and Hypericum 
androsaemum. Native woody species made up between 1.5 and 5.4% of the seed. In 
the three 8-9 year old plots, the seed bank had 3,938 to 5,503 seeds m-2 while in the 
two 18 year old plots, 18 and 7, there were 11,718 and 19,584 seeds m-2 respectively. 
The greater number of seeds in the older plots is likely to be a result of the greater 
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Fig 5.4 Ordination of wecies in seed bank study at Deborah Bay. 
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Full names of species abbreviated in Fig 5.4 are given in the list of abbreviations in the preface. 
Species in bold are native trees and shrubs 
In the older plots, (plots 21,12 and 20) between 36% and 61 % of the seed in the seed 
bank was of native woody species. Plot 21 has the largest seed bank with 44,760 seeds 
m-2. Forty-eight percent of the seeds in this plot are gorse seeds. Melicytus ramiflorus 
and Ulex europaeus together make up the canopy of this plot and mahoe seeds are also 
abundant in the seed bank contributing 28% of the seed. The other two older plots do 
not have a previous history of gorse cover as indicated by the low number of Ulex 
europeaus seeds in the seed bank (Fig 5.5). Plot 12 is a stream-side plot with a 
Kunzea ericoides canopy and its seed bank is dominated by Juncus bufonius ( 44%) 
while 61 % of the seeds in Plot 20 are of native woody species. 
The increase in the number of gorse seeds in the seed bank with increasing length of 
time since disturbance (Fig 5.5) indicates a rate of accumulation of U. europaeus seed 
ranging from 254 to 603 seeds per m2 per year and averaging 430 seeds per m2 per 
year. 
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The number of native woody seedlings also increases with age (Fig 5.6). Aristotelia 
serrata is found in only one of the three youngest plots but then increases in abundance 
in older plots. The rate of accumulation ranges from 0-27 seeds m-2 per year and 
averages 7 .2. The rate of accumulation tends to increase as the plots age. In the 
undisturbed gully sites, the abundance of Aristotelia serrata is higher in the plot 
containing a variety of species in the canopy (20) when compared with the plot in 
which Kunzea ericoides is the sole species in the canopy (12). Fuchsia excorticata 
seed is present at low numbers in all the younger plots and shows a steady increase in 
abundance as plots age. The rate of accumulation of seed ranges from 1.8-18 seeds m-
2 and averages 7 .6. The rate of accumulation increases with age. Kunzea ericoides is 
present in all plots. Following an initial increase in abundance with age there is a 
decline in the undisturbed gully sites. The rate of accumulation ranges from 3.5 - 56 
seeds m-2 per year and averages 22. The occurrence of Melicytus ramiflorus is more 
sporadic. It is present in only one of the younger sites and is absent from the Kunzea 
ericoides dominated plot in the gully. There is a tendency for abundance to increase 
with age but the rate of accumulation varies from 0-348 seeds m-2 year. Proximity to a 
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seed source appears to have a larger influence on the abundance of M. ramif[orus than 
age of plot (Fig 5.6 d). 
Fig 5.6 Number of native woody seedlings in the seed bank, at Deborah Bay with 


































26 23 2 18 7 21 12 20 
Plot Number 
ncreasing age _____ .,... 
Increasing axis 1 ordination score 




ill HH .... .... .... ... . ... 
101 rn irn 1111 ? mi rn mi 
Ill 1111 1111 llll 1111 1111111 
1 , m :m :m :m :m m :m 
26 23 2 18 7 21 12 20 
Plot Number 
Increasing age _____ ....,. 























b) Fuchsia excortfcata 
~
,ll I:,:: i11 I 
1111111: !Iii 
26 23 2 18 7 21 12 20 
Plot Number 
Increasing age _____ .,... 
ncreasing axis 1 ordination score 









26 23 2 18 7 21 12 20 
Plot Number 
ncreasing age ------,~ 
ncreasing axis 1 ordination score 
* Me/icytus ramif/orus is 
present in the canopy 
140 
5.3.5 Species richness 
Species richness averaged 18 species per plot It varied between plots but did not show 
a consistent pattern with age (fable 5.3). The most species rich plots were those 
closest to the boundaries between the gorse communities and the native gully while 
the least diverse plot was on a very steep slope with evidence of recent slipping of soil. 
Table :, ::s ~1 ec1es nchness ot the seea bank at Ueborah tlav 
Plot no. 26 23 2 18 7 21 12 20 
Age 8 9 8 18 18 36 >40 >40 
Number of 20 11 18 18 25 19 15 18 
Snecies 
5.3.6 Depth profile of the seed bank 
There was a decline in seed numbers with increasing soil depth ( from 0-2.5 cm to 2.5-
12.5 cm). On average, 35% of the seeds in the seed bank in each plot were found in 
the bottom layer of soil. The average was significantly different from 50% ( one sample 
t-test p<0.05). The percentage of seed in the bottom layer of soil ranged from 17% to 
57%. The variation between plots in the percentage of seeds found in the bottom layer 
was largely the result of a few species that were abundant in either the top or bottom 
layer of soil. In the plots with the largest percentage of seeds in the bottom layer, 
Juncus bufonius was abundant and made up a high proportion of the seeds in the 
bottom layer. In the plots with the largest percentage of seeds in the top layer, Kunzea 
ericoides, Melicytus ramiflorus, Aristotelia serrata and Leycesteria formosa were 
abundant and made up a high proportion of seeds in the top layer of soil. 
5.3.7 Persistence of individual species 
Persistence of seed from each species was estimated by calculating the fraction of total 
seed in the soil that was found in the bottom layer. A value of O indicates that none of 
the soil is in the bottom layer and that the seed does not persist in the soil. A value of 1 
indicates that all the seed is in the bottom layer and that the seed represents a persistent 
portion of the seed bank. The degree of persistence for each species is given in Table 
5.4. 
Of the more common species (i.e. contribute at least 1 % of seed in the seed bank), 
Agrostis capillaris, Solanum laciniatum, Leycesteria formosa, Kunzea ericoides and 
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Melicytus ramiflorus tend to be transient while Juncus bufonius, Hypericum 
androsaemum, Cytisus scoparius and Fuchsia excorticata tend to be persistent. 
Senecio minimus, Ulex europaeus and Aristotelia serrata are intermediate in their 
degree of persistence. 
Table 5.4, Persistence of ~cies in the seed bank, at Deborah Bay, determined by the 
percentage of seed in the bottom layer of soil 
Suedes nersistence 
Agrostis capillaris 0.43 
Anagallis arvensis 0.18 
Anthoxanthum odoratum 0 
Aristotelia serrata 0.52 
Carpodetus serratus 1 
Carex spp 0.92 
Cytisus scoparius 0.87 
Digitalis purpurea 0.85 
Epilobium nummularifolium 0.80 
Fuchsia excorticata 0.76 
Hebe salicifolia 0.56 
Holcus lanatus 0.35 
Hypericum androsaeum 0.81 
Juncus bufonius 0.88 
Kunzea ericoides 0.35 
Leycesteria formosa 0.45 
Melicytus ramiflorus 0.39 
Muehlenbeckia australis 0.21 
Parsonsia heterophylla 0 
Pelargonium inodorum 0 
Pseudopanax arboreus 0 
Pseudognapthalium luteoalbum 0.75 
Schefflera digitata 0.66 
Senecio jacobaea 0 
Senecio minimus 0.58 
Senecio vulgaris 0.78 
Solanum laciniatum 0.45 
Trifolium repens 0.81 
Ulex europaeus 0.51 
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5.4 DISCUSSION 
5.4.1 Comparison with other studies 
The seed bank at Deborah Bay had a high density of seed averaging 13,242 seeds m-2. 
High densities have been reported for other secondary scrub and forest communities 
with up to 13,000 seeds m-2 in old fields (Pickett and MCDonnell 1989) and up to 
4,000 seeds m-2 in secondary vegetation in Canterbury (Partridge 1989). The seed 
densities in the two plots bordering the native gully in the current study (19,584 and 
44,760) were greater than any recorded in the literature. Changes in seed density with 
age of plot, match well with those described in other studies. In particular the study by 
Nakagoshi (1985) which demonstrated increases in seed density as a secondary forest 
developed and then a decline towards climax. 
On average, 18 species were found in the seed bank of each plot. This was very similar 
to that of 17 species reported in a previous study of a forest remnant in New Zealand 
(Enright and Cameron 1988) and was within the ranges reported in other comparable 
studies (Partridge 1989 and Pickett and MCDonnell 1989). Other studies have reported 
a decline in species richness as the succession progresses (Nakagoshi 1985, Pickett et 
al. 1989). This was not. observed in the current study (fable 5.3). A possible 
explanation for this is the lack of very early-successional plots which would have been 
expected to have a higher· species richness. The absence of species that would 
historically have been considered climax species from the standing vegetation may also 
have resulted in more species-rich older plots than would otherwise have been 
expected as the species present in the canopy of the older plots in the current study do 
contribute to the seed bank while the historical climax species, e.g. gymnosperms have 
not been found in other seed bank studies where they were present in the standing 
vegetation (Enright and Cameron 1988). 
Seed numbers usually decline with depth in the soil (Archibold 1989). This was 
observed in the current study where the bottom (2.5-12.5 cm) layer contained an 
average of 36% of the seed in the soil found in the top (0-2.5cm) soil layer. This 
compares with a value of 29% in a coniferous forest (Archibold 1989), 35% in a 
plantation forest in upland Britain (Hill and Steven 1981) but is somewhat more 
marked than that in the study of secondary scrub communities in Canterbury in which 
the majority of seed was found in the 2.5-10 cm layer of soil (Partridge 1989). 
A persistent seed bank was found for several species including, Juncus bufonius, 
Cytisus scoparius, Hypericum androsaemum and Fuchsia excorticata which all made 
up more than 1 % of the seed bank at Deborah Bay. Ulex europaeus and Juncus spp 
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have been found to form a persistent seed bank in other studies (e.g. Partridge 1989, 
Thompson and Grime 1979). The calculation used to determine persistence (Section 
5.2) may have resulted in the failure to classify Ulex europaeus as persistent in the 
current study. Ulex europaeus was often abundant in the bottom layer but the 
percentage of seeds present in the top layer of soil was higher. This can be explained 
by its dominance in the canopy, high recent seed input, and slow burial rates due to 
large seed size (Garwood 1989). Fuchsia excorticata was not found to have a large 
persistent seed bank in previous studies (Enright and Cameron 1988, Partridge 1989) 
although some seed was found in lower layers of soil. The large range of species that 
had some seed present in the lower layer of soil at Deborah Bay suggests that most of 
the species show some degree of persistence. 
The full range of species present in the mature vegetation at Deborah Bay was not 
present in the seed bank. The absence of some species may be the result of seedlings 
dying prior to identification or the small volume of soil sampled. Some of the species 
that were present in the mature vegetation but absent from the seed bank at Deborah 
Bay e.g. Myrsine australis, Crepis capillaris, Griselinia littoralis, Rubus fruticosus 
and Coprosma areolata have been found in other New Zealand seed bank studies 
(Enright and Cameron 1988 and Partridge 1989). 
The divergence between seed banks and the surrounding vegetation has been described 
as the soundest generalisation regarding seed banks (Pickett and MCDonnell 1989). In 
terms of presence or absence of species, as in previous studies, this divergence was 
found between the seed bank and standing vegetation for gorse-forest communities at 
Deborah Bay. Such divergence is thought to lead to a different community following 
disturbance than that prior to disturbance (Partridge 1989). However, species absent 
from the mature vegetation made up a very small proportion of the total seeds at 
Deborah Bay and only nine of the species that were found in more than two of the 
plots in the 30 plot vegetation survey were absent from the seed bank. One of the 
possible explanations for the degree of similarity between the major components of the 
seed bank and standing vegetation at Deborah Bay is the absence of truly late-
successional species in the mature vegetation (see section 1.5). Gymnosperms that 
were previously a component of forests in this area (Wardle and Mark 1956) were 
absent from the standing vegetation. Had they been present, it is unlikely they would 
have contributed to the seed bank, as they did not at other sites where they were 
present in the mature vegetation (Enright and Cameron 1988). 
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5.4.2 What seed would be available if disturbance was to occur at Deborah Bay? 
If the standing vegetation was destroyed in the younger (<lOyears) Ulex europaeus 
dominated community at Deborah Bay, Ulex europaeus would be the most abundant 
seed available. Seed from native woody species would be present but in very low 
numbers(< 5% of available seed). The low numbers of available seed make it possible 
but unlikely that native woody species would establish following disturbance. The 
increase in diversity and abundance of native woody seedlings in the plots containing 
older gorse (>lOyears) would increase the probability of a variety of native woody 
seedlings establishing following disturbance. However, Ulex europaeus still made up 
the majority of the seeds in the seed bank of these plots. 
Sites in or bordering the native gully had a much higher percentage of native woody 
seeds in the seed bank (see Section 3.4). The absence of Ulex europaeus seedlings in 
the seed bank of sites in the native gully suggests that U. europaeus has never been 
established on these sites. The absence of U. europaeus seeds make it possible that 
forest cover could re-establish following disturbance in the gully at Deborah Bay 
without being preceded by U. europaeus. 
There is evidence from the current study that age of the canopy or length of time since 
disturbance is important in determining the abundance of seeds of native tree species. 
The increase in abundance of seeds of native woody species in older plots would help 
explain their appearance later in the succession. The continued dominance of the seed 
bank by Ulex europaeus requires differences in germination requirements or other later 
stages of seedling development to explain the replacement of Ulex europaeus by native 
woody species. 
While little is known about the dispersal distances for our native tree species (Burrows 
1994) general information regarding dispersal distances (Fenner 1985) make it appear 
likely that proximity to a seed source will be important in determining the occurrence 
of native woody seedlings. The absence of late-successional species from the standing 
vegetation, and the apparently short dispersal distances and transient nature of the seed 
of many mid-successional tree species make it likely that seed availability will be a 
limiting factor for many gorse-covered sites. 
The contribution of native woody seedlings to the seed bank of a gorse community 
appears to be enhanced by older gorse and the presence of mature native woody 
species. In the current study, the presence of Kunzea ericoides and Melicytus 
ramiflorus in the canopy led to a greater abundance of seed of these species 
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themselves and a greater abundance of Fuchsia excorticata and Aristotelia serrata. 
This suggests that the mature trees are acting not just as a seed source but also as 
perching sites for birds as many of the fruits of native woody species are fleshy and 
bird dispersed (Burrows 1994). Consequently, minimising disturbance of the site and 
providing perching sites for birds would be likely to increase the availability of seed of 
native woody species. However, before directly or indirectly adding seed to a site, it 
would be necessary to ensure that conditions would allow for its germination and 
establishment The ability of native woody seedlings to germinate in a gorse 
community is discussed in the following chapter (Chapter 6). 
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CHAPTER 6: IN SITU GERMINATION, SURVIVAL AND 
GROWTH IN RELATION TO SUCCESSIONAL STAGE 
6.1 INTRODUCTION 
Differential species performance, including differences in germination, survival and 
growth are one of the underlying causes of succession (Pickett et al 1987). Differences 
between the expected seed characteristics, germination responses and growth rates of 
early- and late-successional species have been discussed in Chapter 2 and Chapter 3 
and the performance of the study species examined under controlled conditions. In this 
chapter, results of a study of patterns of germination, survival and growth observed in 
a range of environments at Deborah Bay are presented. The contribution of differences 
in species performance to an explanation of the pattern of species replacement that is 
observed at Deborah Bay is then discussed. 
6.1.1 Germination 
The dominant species in the succession from gorse to broad-leaved forest did not show 
any relationship between seed size, light requirements for germination or ability to 
tolerate litter and successional status. (Section 2.3). This could suggest that differences 
in the germination responses of early- and late-successional species are not important 
in determining the gorse-forest succession. Field studies are required to confirm this, as 
the alternative explanation is that differences between the germination responses of 
early- and late-successional species at Deborah Bay do contribute to the process of 
species replacement but are the result of factors other than the aspects of light level or 
litter depth studied in the controlled experiments. 
If native tree seedlings are better adapted to germination under a gorse canopy than 
gorse this would favour their replacement of gorse. Even when germination patterns 
do not help directly in understanding species replacement, knowing which species 
germinate at different stages in the succession provides information about the 
population from which differences in survival, growth rates and other factors can go on 
to determine species replacements. In managing gorse-covered land, knowing whether 
the ability to germinate is a limiting factor in the establishment of native tree species is 
useful in deciding on any intervention and its timing. Will adding seed be beneficial or 
are conditions for germination limiting? Will removing the litter layer or the canopy 
promote the germination of native tree species and or gorse? 
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6.1.2 Survival 
Differences in survival rates between early and late-successional species have been 
predicted as a result of trade-offs between rapid growth and allocation to defence and 
persistence (Coley 1988). This "growth rate theory" predicts that early-successional 
species with rapid growth rates found in high resource environments will have a low 
allocation to persistence and defence but sufficient resources to replace lost tissue. 
Late-successional species in low resource habitats will have intrinsically slow growth 
rates and a high allocation to defence. This will reduce the loss of tissues that would be 
difficult to replace given resource constraints. 
Herbivory is a specific threat to survival. The "growth rate theory" would predict a 
greater emphasis in late-successional species on chemical defences to reduce their 
susceptibility to herbivory. The lower allocation to defences in early-successional 
species would be expected to lead to greater targeting of early-successional species by 
herbivores. There is evidence from a range of studies that this occurs, resulting in an 
acceleration of species replacements (Davidson 1993). Davidson found that the effect 
of herbivory on succession varied but could be explained by the availability of 
resources at different stages in a succession. 
While early-successional species are generally expected to allocate fewer resources to 
ensuring survival, there is also evidence that the early-successional environment will 
reduce the survival of species adapted to a late-successional environment Finegan 
(1984) has reported a range of studies which show that survival of late-successional 
forest species is reduced in open environments as a result of the high light levels, high 
temperatures and water stress. 
Differences in the occurrence of species at different stages of a succession can not 
always be linked to differences in survival. In the studies of Augspurger (1984) and De 
Steven (1991), survival of all species was higher in clearings than under an established 
canopy yet some species were found more commonly in clearings while others were 
more commonly found under an established canopy. De Steven (1991) attributed the 
observed differences in the distribution of seedlings to different seed availabilities 
rather than differences in survival. The two studies described above had both used 
transplanted seedlings and sown seed to ensure an even starting point for the survival 
studies. 
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For the major species in the gorse-forest succession, there was some evidence of 
differences in survival of early- and late-successional species in experiments under 
controlled conditions ( Section 3.3.1). 
6.1.3 Growth 
There were differences between the growth rates of early- and late-successional 
species when grown at different light levels under controlled conditions (Chapter 3). 
As for germination and survival, field experiments are required to test the predictive 
value of these results in a field setting and to determine the effect of differences in 
growth rates on species replacements. Separating the effects of the gorse canopy on 
light levels from its other effects on seedling growth allows for the importance of 
changing growth rates along a light gradient to be assessed. 
6.1.4 Surveys 
The presence of seedlings in vegetation surveys provides some information on the 
performance of early- and late-successional species in the gorse-forest succession but 
does not allow for the separation of the effects of seed availability, germination, 
survival and growth of young seedlings. Conditions following disturbance were 
thought to favour the establishment of gorse over native tree species (Hackwell 1980) 
while the ageing gorse canopy was thought to favour establishment of native shrubs 
due to the effect of the canopy on moisture, temperature, light and the fertile litter 
(Hackwell 1980). Evidence from the distribution of seedlings in the survey by Lee et al 
(1986) is at variance with these ideas. They found seedlings of native tree species at a 
low density under gorse stands of all ages. Some of these seedlings had established 
with the pioneering gorse. They also observed an increase in numbers of gorse 
seedlings as the gorse stand became senile. Specific studies of establishment in these 
environments have not been carried out. Factors that may promote or inhibit the 
establishment of seedlings at different stages of the succession from gorse to broad-
leaved forest have been suggested from survey work (Lee et al 1986). These include 
the _depth of the litter layer and density of the canopy cover. 
6.1.5 Experimental outline 
In this chapter I investigate the effects of the environment in a clearing, under a gorse 
canopy and under a native canopy on the germination, survival and growth of Ulex 
europaeus and a range of native tree species. Through the removal of canopy and 
litter, individually and in combination, from plots in which germination is recorded it is 
possible to determine more precisely what effect they have on germination. The 
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survival of seedlings that germinated in the field was examined without the addition of 
seed. Survival was also studied in two experiments in which the study species were 
transplanted into a range of environments representative of different stages in a 
succession at Deborah Bay. Differences in survival between these environments and 
between early and late- successional species could then be examined. Seedlings in the 
first of these experiments were not fenced while seedlings in the second experiment 
were. This allowed the effects of herbivory on survival to be examined. Measures of 
relative growth rate for height and for mass are used to compare the performance of 
the transplanted seedlings in small clearings, under the gorse canopy and under a native 
canopy. For seedlings in the clearing, plots were treated with a factorial combination of 
shading or weeding to imitate the effects of different aspects of growth conditions 
under a gorse canopy. 
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6.2 METHODS 
6.2.1 Germination and survival of naturally occurring seedlings 
At the end of December, 1991, twenty-four ( 0.5 x 0.5m) plots were located in three 
different vegetation types at Deborah Bay. Plots were located under a gorse canopy, 
under a native canopy and in a 5 x 5 m clearing cut in the gorse. Their location in 
relation to vegetation types and other experimental sites at Deborah Bay is shown in 
Appendix ~. A more detailed layout of the plots in the clearing is given in Fig 6.1 
Plots were located in adjoining pairs (as shown in Fig 6.1). Within each pair, one plot 
(allocated at random) had the litter removed while it was left intact in the other. Four 
plots of each litter treatment (8) were located in each of the vegetation types. In 
November 1992, a second 5 x Sm clearing was made and four further ( 0.5 x 0.5m) 
plots were located in the new clearing. The litter layer was left intact for all four of 
these plots. 
Sixteen 1 x 0.25m plots were established at Deborah Bay, in November 1992 to 
monitor seedling survival. Four plots were located in each of two 5 x 5 m clearings. 
One of the clearings was created in December 1991 and the second in November 1992. 
Four plots were located under the gorse canopy and the final four were located under 
the kanuka/mahoe canopy. The close association of plots for monitoring survival and 
plots for monitoring germination is illustrated in Fig 6.1 and the location ?f survival 
plots in relation to vegetation types and other experimental sites at Deborah Bay is 
shown in Appendix 5. 
Fig: 6. 1 Location of g:ermination and survival plots in a 5 x Sm clearing: cut in the 
g:orse at Deborah Bay inDecember 1991 
Gffi 





L = germination plot 
litter remains intact 
R = germination plot 
litter layer removed 
S= survival plot 
litter remains intact 
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For the germination plots, removal and counting of seedlings was carried out monthly 
from December 1991 to December 1993. Seedlings that could not be identified were 
transplanted to the glasshouse for later identification. While familiarity made more and 
more species identifiable at very early stages, identification of uncommon species 
remained a problem due to low survival rates for transplanted seedlings. Grasses were 
grouped due to identification problems. The majority of grass seedlings that were 
identified were either Anthoxanthum odoratum or Holcus lanatus. 
Light readings were taken for each of the plots in November 1992 and January 1993 
during heavily overcast conditions. Light at ground level in the plots was measured 
with a quantum sensor (Li-Cor 190SB). A Campbell 21X data logger was used to 
record light levels at 1.5 m in the centre of the 5 x Sm clearing. Light levels for the 
plots were expressed as a percentage of light levels at 1.5 min the clearing. 
Germination and survival of seedlings in the survival plots was monitored from 
November 1992 to January 1994. All existing seedlings were removed prior to the 
commencement of the experiment Due to the large numbers of U. europaeus seedlings 
germinating a tagging system was required to increase the reliability of ,relocation. A 
section of metal spoke, approximately 10 cm long, was poked into the ground beside 
gorse seedlings that had germinated. Spokes were painted different colours each month 
so the month of germination could be identified for each seedling. When the seedling 
beside the spoke died, the death was noted and the spoke was removed. When more 
than 50 U. europaeus seedlings germinated in a plot, in any given month, only the first 
50 seedlings were tagged, starting in the top left corner of the plot and tagging from 
left to right. The distance of the fiftieth seedling from the top left corner was noted in 
order to calculate the number of gorse seedlings germinating in a square metre. 
Seedlings of other species could be relocated using a ruler designed for the purpose. 
The ruler had spikes which located it in the ground. The holes made by the spikes were 
relocated to ensure that the ruler was located in the same place each month. A second 
ruler was slid along at right ai.-igles to the first. This allowed X-Y co-ordinates to be 
recorded for each seedling that germinated each month. In following months those co-
ordinates were checked for the survival of that individual seedling. Data was entered 
into a spreadsheet and a plot of the seedlings that were alive at the last recording date 
was used to assist in relocation. 
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6.2.2 Survival of transplanted seedlings 
Eight seedlings of each of the study species were transplanted to the older clearing, 
under the gorse canopy and under the native canopy in December 1991. Four seedlings 
of each of the five species were assigned at random to a grid pattern of points for each 
plot. Seedlings were 30 cm from their nearest neighbour. The location of plots of 
transplanted seedlings is given in Appendix 5. The survival of seedlings was monitored 
monthly. 
The height of seedlings at the time of transplantation is given in Table 6.1. Seedlings of 
Kunzea. ericoides, Pittosporum. eugenioides and Melicytus. ramijlorus fell into two 
distinct size classes with two seedlings of each species in each size class planted in each 
plot. The larger seedlings had been collected from locations around Dunedin for 
transplanting while the smaller seedlings had been grown from seed in a glasshouse. 
The size and source of the seedlings did not appear to affect survival so they were 
analysed together. 
Table 6.1 Height of seedlings when planted at Deborah Bay in December 1991 
Species Size class Height (cm) mean± sem 
Ulex europaeus 5.1 ±0.2 
Kunzea ericoides large 12.1 ± 0.5 
Kunzea ericoides small 1.7 ± 0.2 
Coprosma robusta 4.4± 0.2 
Pittosporum eugenioides large 24.3 ± 1.6 
Pittosporum eugenioides small 3.2±0.3 
Melicytus ramiflorus large 27.4± 0.9 
Melicytus ramiflorus small 8.2±0.4 
6.2.3 Survival and growth 
At the end of October 1992 (15th -20th) a second group of seedlings were 
transplanted from the glasshouse to Deborah Bay. They were planted under the native 
canopy, under the gorse canopy, and in plots within the two 5 x 5 m clearings. Within 
the clearings there were four different treatments. These were shaded, weeded, shaded 
and weeded and neither shaded nor weeded. Fences were erected around all plots to 
prevent rabbit browsing. The location of plots is shown in Appendix 5 and the layout 
of seedlings within the older clearing is shown in Fig 6.2. 
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Fig 6,2 The layout of transplanted seedlings in a 5 x 5 m clearing, cut in the s:orse, at 
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Species used were Ulex europaeus, Kunzea ericoides, Coprosma robusta, Aristotelia 
serrata, Pittosporum eugenioides, Melicytus ramif[orus and Podocarpus totara. All 
plants except P. totara were grown from seed from the Dunedin area. P. totara was 
commercially grown in a Dunedin nursery. Before transplanting, plants were moved 
from the glasshouse to a location outside to harden off. Seedlings were between four 
to five months old when transplanted with the exception of Podocarpus totara which 
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was one year old. The heights of plants were measured following transplantation and 
are presented in Table 6.2. There was no significant difference in the heights of 
individuals of each species between treatments. However, there was a difference in 
height between species. 
Table 6.2 Initial height (cm) of seedlings at time of transplantation (mean and s.e.m) 
shaded 
cleared cleared cleared cleared 
weeded shaded weeded 
Ulex europaeus 2.3 (0.4) 3.2 (1.0) 2.3 (0.5) 2.1 (0.3) 
Kunzea ericoides 4.1 (0.1) 4.2 (0.3) 4.3 (0.8) 4.8 (0.4) 
Coprosma robusta 2.3 (0.2) 1.9 (0.4) 2.3 (0.2) 2.5 (0.2) 
Aristotelia serrata 4.1 (0.8) 3.1 (0.1) 3.6 (0.8) 3.6 (0.5) 
Pittosporum eugenioides 4.1 (1.0) 2.3 (0.3) 2.4 (0.4) 2.4 (0.3) 
Melicytus ramlflorus 2.1 (0.7) 1.3 (0.1) 2.2 (0.8) 2.1 (0.5) 
Podocarpus totara 15.2 (2.1) 16.8 (1.4) 14.8 (1.9) 14.3 (1.6) 
qorse native average 
U/ex europaeus 1.6 (0.5) 2.5 (0.4) 2.3 
Kunzea ericoides 5.3 (1.6) 4.9 (1.0) 4.6 
Coprosma robusta 2.1 (0.3) 2.2 (0.4) 2.2 
Aristotelia serrata 3.6 (0.8) 3.4 (0.3) 3.6 
Pittosporum eugenloides 2.5 (0.4) 2.3 (0.1) 2.7 
Melicytus ramif/orus 2.4 (0.9) 1.2 (0.2) 1.9 
Podocarpus totara 14 (1.7) 16. l (1.9) 15.2 
Average heights followed by the same letter are not significantly different 
Shade cloth was set up at the end of November and light readings were taken for all 
the plots. The aim of the shading treatments was to imitate the levels of light found 
under gorse. Difficulties in building shade frames meant that there was a delay in 
achieving these light levels. For light readings taken on November 26, light levels 
averaged 21 % in the shaded treatments. These were corrected in mid-February and the 
light levels recorded on Feb 19 are reported in Table 6.3. Light readings were taken on 
overcast days. Further adjustments were required as plants became too tall for the 














Table 6.3 Light levels CLL mol photons m-2s-1) in the field. readings taken on Nov 26 
for all gorse and native plots and on Feb 19th for plots in the clearing. 
Treatment average± 
s.e.m. 
Cleared 68 ± 11.36 
Cleared and weeded 79 ± 5.35 
Cleared and shaded 11 ± 1.36 
Cleared, shaded and weeded 11 ± 0.95 
Under gorse canopy 10 ± 1.74 
under native canopy 2 ± 0.58 
Flg 6.3 Example of a shade frame in a clearing at Deborah Bay. 
The number of seedlings surviving and their heights and diameters were recorded at 
monthly intervals. In December 1993, the leaves and stems of plants were harvested. 
Methods for leaf area and dry weight measurements are presented in section 3.2. 
Roots were not harvested. 
156 
6.2.4 Data analysis 
Germination under the gorse and in the area cleared in December 1991 was compared. 
It was assumed that any differences in germination between treatments were the result 
of the treatment and not of differences in the amount of seed available as the clearing 
was made in an area similar to those used for assessing germination under the gorse 
canopy. 
Monthly totals for the number of seeds of each species germinating were combined 
into seasonal totals for each plot The seasons are defined in Table 6.5. · 
Table 6.4 Definition of seasons used to analyse germination data at Deborah Bay 
Season name Months included in season 
Summer 1991-1992 December 1991, Januarv 1992 
Autumn 1992 Februarv to April 1992 
Winter 1992 May to July 1992 
Soring 1992 August to October 1992 
Summer 1992-1993 November 1992 to January 1993 
Autumn 1993 Februarv 1993 to April 1993 
Winter 1993 May 1993 to July 1993 
Spring 1993 August 1993 to October 1993 
Summer 1993 November 1993 to December 1993 
Germination data was log transformed. Analysis of variance (ANOV A) was carried out 
using the General Linear Models procedure of SAS (SAS Institute Inc. 1989). Seasons 
were analysed separately due to inequality of variance between seasons with high and 
low levels of germination. ANOV A was used to test for the variation in germination 
between replicate plots, canopy type, litter treatment and their interactions for Ulex 
europaeus, Kunzea ericoides and a grouping of native tree species (species and their 
abundance in this grouping is given in Section 6.3). The ANOV A model used was a 
split plot model with canopy type at the plot level and litter treatment at the sub-plot 
level The error term used to test for an effect of canopy was that of replicates or plots 
nested within canopy. For litter the error term was that of plots nested within the 
canopy x litter interaction. Regression analyses of the relationship between light level 
and germination of U. europaeus were carried out in PRISM (GraphPad 1994). 
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Log-linear regressions were used to model survival of seedlings that germinated at 
Deborah Bay. These were calculated using the graphing pro gr~ Prism (Graph Pad 
1994). ANOVA was carried out using the General Linear Models procedure of SAS 
(SAS Institute Inc. 1989) to compare survival between different canopy types. Survival 
in different months were treated as replicates and the month x canopy term used as an 
error term. The number of transplanted seedlings surviving a year after transplantation 
were compared using Fisher's exact test in the Instat program,1,116' (Graph Pad 1993). 
Comparisons were made between locations and between species. 
Growth rates were analysed using a combination of ANOV A with multiple comparison 
tests and regressions. Methods were the same as those used in Chapter 3 (Section 3.2). 
The only additional test was the runs test used to identify significant deviations from 





Thirty-five species of seedlings were identified in the two years of recording 
gennination in 24, 0.5 x 0.5 m, plots at Deborah Bay. The number of seeds 
genninating in plots under the native canopy, under a gorse canopy, and in a 5 x 5 m 
clearing are presented in Table 6.5 
The overall number of germinating seeds was highest in the clearing and lowest under 
the native canopy. Of the 36,199 seeds per m-2 that germinated 93% were gorse. 
Gorse dominated gennination in both the clearing and under its own canopy as shown 
in Fig 6.4. 
Fig 6.4 Comparison of the number of gorse seeds and seeds of other species 
genninating in a clearing, under the gorse canopy and under a native forest 































Table 6.5 Species and abundance ( total number of seeds g;enninating per square 
metre between December 1991 and December 1993) for seeds 
germinating in a clearing, under a g;orse canopy and under a native 
canopy at Deborah Bay 
clear gorse native 
Acaenaspp. 0 0 1 
Anaaa/lis aNensis 2.5 3.5 0 
Aristotelia serrata 13.5 27 26 
Cardamine hirsuta 0 0 72 
Carpodetus serratus 0 4 0.5 
Cerastium soo. 124.5 1.5 0 
Crataeaus monoavna 1.5 1 0 
I Cvtisus scooarius 7 0 0 
Diaitafis purpurea 0.5 0 2.5 
Eoff ob/um cifiatum 2 2 1 
Fuchsia excorticata 9.5 9.5 12 
Grise/in/a littorafis 0 0 0.5 
Hebe salicifolia 1 0 0 
Hleraclum pl/ose/la 1 0 0 
Hvoericum androsaeum 9 18.5 0 
Hvoochaeris radlcata 1.5 0 0 
Juncus bufonius 122 14 0 
Kunzea ericoides 256 262 5.5 
Levcesterla formosa 95 80 1.5 
Melicvtus ramlflorus 5.5 23.5 124.5 
Muehlenbeckia australis 4.5 19 306.5 
Parsonsia heteroohvfla 0.5 0 16 
Pseudoanaphalium luteo-album 0.5 0 0 
Pseudopanax arboreus 0 1 1 
Pferidium escu/entum 17.5 8 0.5 
Rubus cissoides 0 1 0 
Rubus fruticosus 7 2 0 
Scheff/era di.aitata 4.5 18 8.5 
Seneclo mlnimus 87 131.5 3.5 
Solanum laclniatum 4 5.5 11 
Sonchus o/eraceus 0 0.5 0 
Trifolium reoens 4.5 1.5 0 
Ulex eurooaeus 1i4-?.~.5; 12235.5 17 
grasses 16 2 0 
Total 22335 13171 693 
The effect on germination, of season and a factorial combination of canopy clearance 
and litter removal from plots in the gorse community was examined. The germination 
of Ulex europaeus and Kunzea ericoides were considered separately but none of the 
remaining native tree species germinated in large enough numbers to analyse 
statistically so they were grouped together and are referred to as native trees. 
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Seedlings germinating and their abundance in this grouping were Melicytus ramiflorus 
(54), Aristotelia serrata (77), Schefflera digitata (45), Fuchsia excorticata (17), 
Pseudopanax arboreus (2), and Carpodetus serratus (4). Levels of germination under 
the native canopy are outlined at the end of this section. 
6.3.2 Germination of Ulex europaeus 
Season was a major determinant of variation in the number of U. europaeus seeds 
germinating. Some germination of Ulex europaeus occurred at Deborah Bay in every 
month of the study. Fig 6.5 shows germination of U. europaeus seedlings, averaged 
over the cleared and the gorse-covered plots. There were peaks each summer 
following seed fall but with the largest peak in Autumn of 1992. 
Fig 6.5. The seasonal pattern of ~rmination of Ulex europaeus at Deborah Bay 
from Jan 92 to Dec 93 
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A previous two-year study (Ivens 1982) showed a similar pattern with high 
germination in the autumn following clearing but not the subsequent autumn. This was 
explained by Ivens as a result of the act of clearing triggering the genhination of 
seedlmgs. These seedlings were believed to have lost their innate dormancy before 
clearing but had been prevented from germinating by dormancy induced by the 
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presence of the gorse canopy. The dry summer was thought to have prevented these 
seeds from genninating until the autumn after clearing. Data from the December 1991 
clearing at Deborah Bay could also be explained in this way. As in Ivens' trial, clearing 
coincided with a dry summer and there were high levels of germination in autumn (Fig 
6.6). 
Data from the clearing at Deborah Bay in November 1992 cannot be explained in the 
same way. If there had been a large number of seeds that had lost dormancy before the 
clearing in November 1992 and were ready to germinate when appropriate conditions 
were provided, then levels of gennination in the more recent clearing should either 
have been higher than the older clearing over summer or there should have been 
another peak of germination in autumn. However, there is no autumn peak in 
germination and germination levels in the summer of 1992-1993 are the same in both 
the recently cleared area and the year old clearing (Fig 6.6). 
An alternative explanation for peaks of U. europaem germination in autumn is that, 
like the summer peaks, they are a result of recently shed seed, much of which does not 
become dormant unless it is incorporated into the soil. The ability of Ulex europaem 
to set seed twice a year in some years has been noted (Hill 1986). The similarity 
between germination levels in the two clearings also suggests that despite two years 
with high germination, any reduction in size of the seed bank is not limiting the number 
of seedlings genninating. Ivens (1982) found that only 25% of the available seed had 
germinated in the two years following clearing. This supports the idea that much of the 
germination is from recently set seed. Seasonal seed rain data and seasonal trends in 
dormancy would be required to test this explanation. 
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Levels of germination of Ulex europaeus seed in plots with a factorial combination of 
canopy clearance and litter removal are given for each season in Fig 6. 7. During the 
summer and autumn immediately following clearing, germination tended to be higher 
as a result of canopy removal and litter removal. Germination was lowest in 
undisturbed plots and highest in plots from which the canopy and litter layer had been 
removed. These effects were not statistically significant (p>0.05). 
From winter 1992 onwards, the pattern of germination began to change with a 
significant interaction between the litter and canopy removal treatments. The highest 
levels of germination were now observed in plots from which the canopy had been 
cleared but the litter layer left intact. Removal of the canopy or litter layer alone led to 
an increase in germination but when both were removed germination did not increase 
markedly. Removal of both the canopy and litter layer resulted in a decrease in 
germination towards the end of the two year study period. 
There was a high level of variation in germination in plots under the gorse canopy. This 
was associated with light levels which ranged from 0.2%-15% of full light. Lower 
germination was observed in darker plots and higher germination in the lighter plots 
(Fig 6.8). A regression of log of germination against light as a percentage of full light 
gave an R2 value of 0.54 for the plots under gorse. When the plot with the highest 
light level was removed there Was a much closer fit for the regression line (R2= 0.96). 
Germination of U. europaeus was not closely related to light level in the plots in the 
clearing (R2 = 0.06, Fig 6.8). Light level, or some other factor associated with the 
density of the canopy, appears to be a limiting factor in the germination of U. 
europaeus. 
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Fig 6.7 The effect of canopy removal and litter removal on g:ermination of Ulex 
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Fig 6.8 Linear regressions of number of U. europaeus seedlings against light levels 
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6.3.3 Kunzea ericoides 
Germination of K. ericoides was strongly seasonal, peaking in spring (Fig 6.9). Higher 
levels of germination occurred in the second year of the experiment. 
Levels of germination of K. ericoides seed in plots with a factorial combination of 
canopy clearance and litter removal are given for each season in Fig 6.10. During the 
spring peak in germination in 1992, germination was only slightly higher in the clearing 
but removal of litter significantly increased the germination of K. ericoides (p<0.05). 
Germination of K. ericoides in 1993 was not significantly affected by removal of the 
litter layer (p >0.05). In the clearing this can be explained by the reduction in the litter 
layer as it dispersed and decomposed without any replacement. 
More K. ericoides seeds germinated in winter 1993 under the gorse canopy but the 
trend was reversed in the spring. Over the entire season, germination levels were 
similar under the gorse canopy and in the clearing. A possible explanation of this 
difference in timing is the effect of the gorse canopy in ameliorating extremes of 
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weather and therefore fulfilling the germination requirements of K. ericoides earlier in 
the season. 
The higher level of germination in plots in the clearing and under the gorse canopy in 
the second year of the experiment suggests that differences between the years were not 
the result of the disturbance treatments. Differences in levels of seed production may 
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Fig 6. 10 The effect of canopy removal and litter removal on germination of 
K. ericoides between Jan 1992 and Dec 1993 
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6.3.4 Native trees * 
Fig 6.11 shows the gennination of native tree seedlings, averaged over all the plots, 
including those under the native canopy. Gennination of native tree species was 
highest in spring but occurred at low levels at other times of the year. Levels of 
germination were higher in the first year of the experiment As this pattern was 
displayed in the plots under the native canopy (where the majority of the native tree 
species germination was observed) it is unlikely to be a response to the disturbance 
treatments. 
Fi& 6.11 The seasonal pattern of &ennination of native tree species * 
at Deborah Bay from Jan 92 to Dec 93 
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* Species included and their abundance are Melicytus ramiflorus (54), Aristotelia 
serrata (11), Schefjlera digitata (45), Fuchsia excorticata (17), Pseudopanax 
arboreus (2), and Carpodetus serratus (4). 
Levels of gennination of native tree species in plots with a factorial combination of 
canopy clearance and litter removal are given for each season in Fig 6.12. 
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Fig 6.12 The effect of canopy removal and litter removal on germination of native 
tree species at Deborah Bay between Jan 1992 and Dec 1993 
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During the first winter, germination of native tree seedlings tended to be higher in plots 
where the canopy remained intact but the litter layer had been removed. During spring, 
germination was lower in plots from which both the litter layer and the canopy layer 
had been removed. As in winter, the effects of canopy and litter clearance were not 
statistically significant (p>0.05). This appears to be the result of high variation and the 
tendency towards a significant interaction (p=0.05). The interaction was similar to that 
observed for gorse seedlings with removal of the litter layer increasing germination 
under a gorse canopy but reducing germination in the clearing. The interaction could 
also be explained by the removal of the canopy leading to a larger decrease in 
germination if the litter layer had also been removed. Possible explanations of the litter 
x canopy interaction are considered in Section 6.4. During the summer months 
germination was only observed under the gorse canopy. Germination in the second 
spring did not show the same trends as in previous seasons with the highest levels of 
germination observed in plots with both the gorse canopy and litter layer intact. 
Totalled over all seasons, more native tree seedlings germinated under the gorse 
canopy than in the clearing. None of the differences were statistically significant. 
6.3.5 Germination under the native canopy 
Both differences in seed availability (Chapter 5) and the effects of the environment 
under the native canopy on germination influenced the numbers of seedlings present. 
Germination of both U. europaeus and K.. ericoides were very low in the plots under 
the native canopy. Only 31 seeds of U. europaeus and 11 K. ericoides seeds 
germinated in these plots over the two years of monitoring. For U. europaeus, seed 
availability is known to be low under the native canopy (Section 5.3). This would be 
sufficient to explain the low levels of germination. However, K. ericoides seed was 
abundant. Therefore, its low germination can be attributed to unsuitable conditions for 
germination. Light levels were very low in the native plots (< 2% of full light) as they 
were located in a gully and under a dense canopy. It is possible that there was 
insufficient light to overcome K. ericoides' light requirement. Melicytus ramijlorus 
seedlings were more abundant under the native canopy than in plots in the clearing or 
under a gorse canopy. This can be explained by differences in seed availability as seed 
bank experiments showed that M. ramiflorus seed was sparse in plots that did not 
contain M. ramiflorus in their canopy. 
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6.3.6 The effect of seedling removal on germination of Ulex europaeus 
The effect of the disturbance of removal of seedlings each month on the germination of 
Ulex europaeus was examined by comparing germination in the survival plots with that 
in the neighbouring germination plots. Graphs of germination in these two experiments 
are given for each environment in Figs 6.13- 6.15. 
Seasonal patterns of germination were similar in both experiments under the gorse 
canopy and in the clearings. Germination was high in both summers and lower during 
the intervening months. In December 1992, germination was higher in the survival 
plots than the germination plots. For the remaining months, germination was 
consistently lower in the survival plots, even during the peak in December 1993. The 
higher germination in the plots from which seedlings were removed monthly 
(germination plots) when compared with survival plots suggests that germination was 
responding to the disturbance of monthly removal of seedlings and the absence of 
establishing vegetation. Higher germination in the survival plots in December 1993 can 
be attributed to a response to the initial clearance of these plots. 
Differences between germination in the two experiments were consistent between both 
the clearings and for plots under the gorse canopy. Differences were most marked in 
the newer clearing and least marked under the gorse canopy. 
Germination of gorse seedlings under the native canopy was low in both the survival 
and the germination experiment Only nine U. europaeus seedlings germinated in the 
survival plots in contrast to 21 in the germination plots, but differences in seasonal 




Fig 6, 13 Gennination of U. europaeus seedlings in gennination (seedlings 
removed monthly) and survival experiments in the older clearing: at Deborah Bay 
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Fig 6.14 Gennination of U. europaeus seedlings in gennination (seedlings 
removed monthly) and survival experiments in the newer clearing at Deborah Bay 
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Fig 6.15 Gennination of U. europaeus seedlings in gennination (seedlings 
removed monthly) and survival experirrents under the gorse canopy at Deborah 
Bay 
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6.3.7 Survival of Ulex europaeus 
Survival was monitored for monthly cohorts of U. europaeus seedlings. Log-linear 
regressions were fitted to the data to examine survivorship. The equations for all 
cohorts of U. europaeus seedlings germinating in two clearings of different ages and 
under the gorse canopy are presented in Table 6.6. 
Survival was higher for seedlings genninating in clearings than for seedlings 
genninating under the gorse canopy (p<0.001). This is illustrated in Fig 6.16 for · 
seedlings germinating in February 1993. Similar patterns were observed in other 
months although, as shown in Fig 6.17, the higher survival of seedlings in a clearing 
when compared with those under the gorse canopy was not always as marked. June · 
was the only month in which survival is higher under the gorse canopy than in the · 
clearing (fable 6.6). 
Fig 6.16 Survival of U. europaeus seedlings which &erminated in Februazy 
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The lowest survival was .observed for seedlings germinating in early winter but there 
was no consistent trend to higher or lower survival of seedlings through the course of 
the experiment For example survival of seedlings germinating under the gorse canopy 
in May and July was low but high in June (see Table 6.7). 
Of the nine U. europaeus seedlings germinating under the native canopy none were 
surviving at the end of the experiment The longest-lived survived for only four 
months. 
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Table 6.6. Linear Regression equations describing: survival of Ulex europaeus seedlings in two clearings of differing: ages and under a gorse 
canopy at Deborah Bay from November 1992 to Januazy 1994 
New Clearing Old clearing Gorse canopy 
Month Y-lntercept Slope Ri Y-intercept Slope Ri Y-intercept Slope RL 
Germinated (X 10-4 (x 1 o-4 days) ex 1 o-4 days) 
davs) 
Nov 2.25 3.97 0.71 2.18 1.94 0.65 1.9 22.3 0.97 
Dec 2.31 1.8 0.83 2.27 1.18 0.65 2.28 17 0.98 
Jan 2.31 1.23 0.87 2.29 0.82 0.88 2.25 16.1 0.96 
Feb 2.29 2.02 0.95 2.28 1.95 0.91 2.16 16.2 0.98 
March 2.13 9.88 0.87 2.04 10.26 0.75 1.87 23.8 0.97 
April 2.11 5.85 0.81 2.13 5.84 0.83 1.62 13.4 0.89 
May 1.51 13.51 0.9 1.55 5.59 0.48 0.98 38 0.74 
June 1.04 17.21 0.66 1.35 7.49 0.89 1.167 15.3 0.87 
July 0.52 8.37 0.57 1.02 8.8 0.92 0.728 37.9 0.91 
Auo 1.36 10.52 0.98 1.18 3.43 0.85 0.93 28.5 0.67 
Sept 1.47 1.04 0.5 1.34 4.01 0.5 1.11 18.5 0.89 
Oct 1.14 3.16 0.64 1.57 30.5 0.97 
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Fi& 6.17 Survival of U. europaeus seedlin&s which &erminated in April 
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As illustrated in Fig 6.18, the density of U. europaeus seedlings in the survival plots 
increased rapidly for the first four months in the clearings and under the gorse canopy. 
Densities were always lower under the gorse canopy than in the clearings. The density 
of gorse seedlings under the gorse canopy declined steadily for the remaining months 
of the experiment 
Fig 6.18 Density of U. europaeus seedlings in two clearings of different ages and 
under a gorse canopy at Deborah Bay between November 1992 and January 
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While survivorship was similar in the two clearings, densities were markedly different 
Densities were higher in the newer clearing but were declining more rapidly by the end 
of the experiment Observations of density at the site suggest that this decline could be 
attributed to density dependent mortality. There are two possible explanations for· 
differences in density between the two clearings. The first is related to the difference in · 
numbers of readily germinable seeds. In the older clearing, there had been a flush of 
germination following clearing. These seedlings were then removed a year later at the 
beginning of the current experiment For the more recent clearing the experiment 
began immediately following clearing. If fewer seeds were germinating it would result 
in a lower density. However, densities levelled off in both clearings after four months 
at different levels. The older clearing also differed from the more recent clearing in 
that it was unfenced. U. europaeus seedlings did not grow as tall in this clearing and 
were constantly being grazed by rabbits. Seedlings that had been grazed, were more 
branched due to resprouting from the base. Their more branched form reduced the 
number of seedlings that could be accommodated in a given space. 
Except for the final months in the lower clearing, mortality does not appear to be 
density dependent. Mortality did not show a strong seasonal trend (Fig 6.19). Due to 
the erratic pattern of mortality, it is assumed that deaths occurred as a result of a large 
range of different events. 
Fi!! 6. 19 Mortality of U. europaeus seedlin&s in two clearin&s of different ages and 
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6.3.8 Survival of Kunzea ericoides 
Germination was highly seasonal for K. ericoides. At the peak of germination more 
seedlings tended to germinate in the plots from which seedlings were being regularly 
removed than the survival plots (Fig 7 .20). Disturbance as a result of removal of 
seedlings was at a minimum during these months due to low levels of germination of 
U. europaeus. Therefore, the difference in germination of K. ericoides may have been 
more influenced by the presence of the established U. europaeus seedlings in the 
survival plot than by the effect of the disturbance resulting from their removal in the 
germination plots. Germination of K. ericoides under the native canopy was very low 
in both experiments with two seedlings in the germination experiment and none that 
could be conclusively identified as K. ericoides in the survival experiment 
Fig 6.20 Germination of K. ericoides seedlings in germination (seedlings removed 
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Fig 6.21 Germination of K. ericoides seedlings in germination (seedlings removed 
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Fig: 6.22 Germination of K. ericoides seedlings in germination (seedlings removed 
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Of the seven seedlings that germinated prior to the spring peak, only one seedling 
survived for the duration of the experiment This seedling germinated immediately 
following clearing in the more recent clearing. Two seedlings survived for less than a 
month and the remaining four survived for four to six months. 
Survival was generally higher in the clearing than under the gorse canopy (as shown in 
Fig 6.23). The exception was for seedlings germinating in July which had greater 
survival under the gorse canopy than in the newer clearing (Table 6.7). 
Five seedlings were tentatively identified as K. ericoides in the survival experiment 
under the native canopy. None of these seedlings survived for a full month. 
6.3.9 Other species 
None of the late-successional species germinated in large enough numbers to examine 
their survival in this experiment Only thirteen seedlings of other tree species 
genninated during the course of the experiment M. ramiflorus was the most abundant 
with seven seedlings. 
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Fig 6.23 Survival of K. ericoides seedlings which germinated in August 
1993 in two clearings of different ages and under a gorse canopy 
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Table 6.7 Linear regression equations describing the survival of Kunzea ericoides 
seedlings in two clearings of differing ages and under a gorse canopy at 
Deborah Bay 
a) Seedlings genninating in the older clearing 
Month of germination Y-intercept slope (lo-4 days) R2 
July 1993 1.18 15.0 0.71 
August 1993 1.62 20.0 0.96 
September 1993 1.41 15.9 0.76 
b) Seedlings germinating in the more recent clearing 
Month of germination Y-intercept slope cio-4 days) R2 
July 1993 1.29 44.2 0.93 
August 1993 1.96 28.8 0.93 
September 1993 1.61 19.9 0.64 
c) Seedlings germinating under the gorse canopy 
Month of germination Y-intercept slope cio-4 days) R2 
July 1993 0.51 25.8 0.77 
August 1993 0.82 71.5 0.67 
September 1993 1.14 34.1 0.85 
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6.3.10 Survival of transplanted seedlings 
The survival of seedlings a year after planting out in a clearing, under a gorse canopy 
and under a native canopy in unfenced plots is shown in Table 6.8. None of the 
seedlings planted in the 5 x Sm clearing survived. Survival was higher under the native 
canopy and highest for seedlings transplanted under the gorse canopy. 
As none of the seedlings of any species survived in the clearing, there was no 
differentiation in survival on the basis of early- or late-successional status. Under the 
gorse canopy, survival tended to be higher for the late-successional Pittosporwn. 
eugenioides and Melicytus. ramiflorus (fable 6.8.). M. ramiflorus also showed higher 
survival under the denser native canopy along with Coprosma. robusta. For both early-
successional Ulex. europaeus and K. ericoides and late-successional P. eugenioides 
none of the seedlings survived under the dense native canopy. 
Table 6.8 Percentage of seedlings surviving one year after transplanting: to 
sites in a clearing and under a gorse or native canopy at 
Deborah Bay in December 1991. 
Species Native canopy Gorse canopy Oearing Total 
Ulex europaeus 0% 0%* 
Kunzea ericoides 0% 50% 
Covrosma robusta 50% 38% 
Melicytus ram(florus 50% 100% 
Pittosoorwn eugenioides 0 88% 
Total 20% 55% 
* Survival was difficult to assess due to the ability of U. europaeus to sprout 







The survival of seedlings in fenced plots differed from that of unfenced plots. In the 
unfenced experiment, survival of seedlings planted in clearings or under a gorse canopy 
was higher than that of seedlings planted under the dense native forest canopy (Fisher's 
exact test p<0.001). 
Survival in the fenced plots is shown in Table 6.9. In the clearing, deaths occurred for 
A. serrata, Pittosporwn eugenioides and M. ramiflorus. Deaths did not occur for the 
early-successional U. europaeus and K. ericoides. Under the gorse canopy, deaths 
occurred for only one species, M. ramiflorus. Survival under the native canopy was 







successional Pittosporwn eugenioides and M. ramiflorus. In the same environment, 
survival was high for both Podocarpus totara and C. robusta. While, species of both 
early- and late-successional species showed low survival under the native canopy after 
fourteen months, significant differences between survival under the native canopy and 
survival in the two higher light treatments (clearing and under gorse canopy) only 
occurred for the two early-successional species (Fisher's exact test p<0.05). 
Table 6.9 Percentage of trans_planted seedlings surviving in fenced plots in a clearin& 
and under a gorse and native canopy at Deborah Bay in Dec 1993, fourteen 
months after trans_plantation 
cleared gorse native Total 
Ulex europaeus 100% 100% 25% 88% 
Kunzea ericoides 100% 100% 25% 88% 
IAristotelia serrata 50% 100% 50% 79% 
Coprosma robusta 100% 100% 75% 92% 
Pittosporum eugenioides 75% 100% 25% 79% 
Melicytus ramijlorus 75% 25% 25% 63% 
Podocarpus totara 100% 100% 75% 96% 
Total 86% 89% 43% 83% 
There was a tendency for the early-successional species that showed low survival (U. 
europaeus and K. ericoides) to survive under the native canopy for a shorter period 
than the late successional species with low survival (Pittosporwn eugenioides and M. 
ramiflorus). This is illustrated in Fig 6.24. 
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Seedling deaths in the unfenced plots in the clearing are largely attributable to damage 
by rabbits. Evidence for this came from two sources. Firstly, rabbit droppings were 
numerous in the clearing and seedling damage was consistent with rabbit grazing. 
Secondly, a comparison of survival between fenced and unfenced plots. Survival of 
seedlings in exclosures in the clearing was significantly higher than that of seedlings 
that were unfenced ( Fisher's exact test, p<0.001). 
Survival under the gorse canopy also tended to be lower in unfenced plots but the 
difference was not significant (p>0.05). Direct observation makes it possible to 
attribute some deaths under the gorse canopy to rabbits. Survival under the native 
canopy did not differ significantly between fenced and unfenced plots with the majority 
of seedlings dying in both instances. Deaths under the native canopy can be largely 
attributed to the effect of the low light environment. 
Seedlings in a clearing are grazed in preference to seedlings under a gorse canopy. This 
is evident from the differences in survival between the fenced and unfenced plots. 
When seedlings were planted in exclosures, survival was high in both the clearing and 
under the gorse canopy and did not differ between the two. When seedlings were not 
planted in exclosures, none of the seedlings survived in the clearing and survival was 
significantly higher under the gorse canopy (p<0.001). Differences between damage to 
species did not occur in the clearing as all seedlings were grazed. Under the gorse 
canopy, M. ramiflorus and P. eugenioides were the only species in which the majority 
of seedlings survived. Other species appeared to be grazed in preference to these two 
late-successional species. 
6.3.11 Growth 
Linear regressions of diameter against time and height against time are presented in Fig 
6.25 and Fig 6.27 respectively. Parameters for the regression equations are given in 
Tables 6.10 and 6.11. Changes in diameter and height with time are used to examine 
differences in growth for seedlings grown in a clearing, under the gorse canopy and 
under a dense native canopy. These non-destructive measurements allowed the 





Seasonal variation in growth caused some deviation from a linear increase in diameter. 
Deviations are the result of a period of slower growth during the winter. This is 
Q illustrated most clearly in the graph of diameter of Aristotelia serrata in the clearing 
(Fig 6.25c). While, seasonal variation resulted in six of the twenty-one regression lines 
deviating significantly from linear (runs test, p<0.05), the linear regressions still 
showed a good fit with deviations from the line generally small. R2 values were 0.85 or 
greater for all lines for seedlings grown in the clearing or under a gorse canopy. Lower 
'}i R2 values (0.21-0.25) were found for seedlings which did not show a significant 
increase in diameter during the course of the experiment when grown under the native 
canopy (fable 6.10). 
Table 6.10 Parameters for linear regression of diameter a&ainst time 
Slopes followed by the same letter in a given row are not significantly different The 
final column in each section of the table represents a comparison of the slope of the 
line with zero. ***=significantly different (p<0.001) 
n.s. = not significantly different (0>0.05) 
clearina aorse native 
Species RZ slope RZ slope RZ slope 
Ulex europaeus 0.94 0.0130 A *** 0.86 0.0017 B *** 0.24 0.00)6 C 
Kunzea ericoides 0.98 0.0070 A *** 0.96 0.0030 B ** * 0.78 0.0010 C 
Aristotelia serrata 0.91 0.0160 A ** * 0.86 0.0050 B *** 0.8 0.0020 C 
Coprosma robusta 0.98 0.0080 A *** 0.98 0.0060 B *** 0.82 0.0020 C 
Pittosporum euaenioides 0.85 0.0030 A *** 0.94 0.0027 A *** 0.64 0.0010 B 
Melicytus ramiflorus 0.87 0.0050 A *** 0.85 0.0030 B *** 0.21 0.0003 C 
Podocarpus totara 0.93 0.0060 A *** 0.87 0.0020 B *** 0.25 0.0003 C 
All species showed the fastest rate of increase in diameter when grown in the clearing. 
Increase in diameter was significantly lower (slopes significantly smaller p<0.05) for 
seedlings grown under a gorse canopy with the exception of P. eugenioides (fable 
6.10). Increase in diameter was lowest when seedlings were grown under the native 
canopy. Increase in diameter was significantly lower for seedlings grown under the 
native canopy than seedlings grown under a gorse canopy for all species. For U. 
europaeus, M. ramiflorus and P. totara growth in diameter did not occur under a 












Fie: 6.25 Diameter of seedline:s e:rown at Deborah Bay from 
Oct 1992 to Dec 1993. 
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Graphs of height against time did not show a linear relationship (e.g. Fig 6.26). An 
initial period of rapid growth (October 1992 to April 1993) was followed by slower 
growth during winter and more rapid growth the following growing season 









Fig 6.26 Height growth of Ulex europaeus seedlings transplanted to 
Deborah Bay in October 1992 
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Linear regressions were used to model the increase in height over the first growing 
season, from October 1992 to April 1993 (Fig 6.27 and Table 6.11). During this 
period, seedlings of U. europaeus, K. ericoides, A. serrata, Pittosporum. eugenioides 
and Podocarpus. totara grown in the clearing showed their fastest rate of increase in 
height. These species showed significantly lower growth under the gorse canopy and 
significantly lower again under the native canopy (with the exception of Podocarpus. 
totara). Both M. ramijlorus and C. robusta, showed the fastest rate of increase in 
height when grown under a gorse canopy. The difference between seedlings grown 
under gorse and those grown in the clearing was significant for C. robusta but not for 
M. ramiflorus. Both species showed a significantly lower rate of increase when grown 
under the native canopy. 
During the winter period, from April 1993 to August 1993, none of the seedlings 
grown in the clearing showed significant increases in height (slope not significantly 
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Table 6. 11 Parameters for re&ressions of seedling height against time 
October 92- April 93 
-. Slopes followed by the same letter in a given row are not significantly different The 
final column in each section of the table represents a comparison of the slope of the 
line with zero. ***=significantly different (p<0.001) 
** = significantly different (p<0.01) 
* = significantly different (p<0.05) 
n.s. = not significantly different (0>0.05) 
clearing gorse native 
Species R2 slope R2 slope R2 slope 
Ulex europaeus 0.99 0.26 A *** 0.94 0.18 B *** 0.91 0.100 C *** 
Kunzea ericoides 0.97 0.13 A *** 0.97 0.07 B *** 0.67 0.030 C * 
Aristotella serrata 0.96 0.24 A *** 0.95 0.07 B *** 0.95 0.020 C *** 
Coprosma robusta 0.97 0.06 B ** 0.98 0.08 A ** 0.83 0.040 C ** 
Pittosporum eugenioides 0.96 0.04 A ** 0.91 0.02 B ** 0.36 0.004 C n.s. 
Melicvtus ramiflorus 0.9 0.03 A ** 0.91 0.05 A ** 0.52 0.004 B n.s. 
Podocarpus totara 0.8 0.12 A * 0.33 0.01 B n.s. 0.0003 0.000 B 
Relative growth rates for height (RGRh) were calculated for the full duration of the 
experiment and for the two growing seasons and the winter, separately. Use of RGRh 
allows for differences in the initial size of seedlings so comparisons between species 
and seasons were possible. 
Values of RGRh calculated over the full fourteen months of the experiment are 
presented for each species in the clearing, under the gorse canopy and under the native 
canopy in Fig 6.28. RGRh varied with canopy type (p<0.001). Growth rates under the 
native canopy were significantly lower than under the gorse canopy and in the clearing. 
The increase in growth rates between the plants grown under gorse and those grown in 
the clearing was not significant RGRh differed between species (p<0.001). 
Species in order of increasing height growth in the clearing were Podocarpus totara < 
Pittosporum eugenioides < C. robusta < M. ramijlorus < K. ericoides < A. serrata < 
U. europaeus. U. europaeus had a significantly faster growth rate than the other 
species (p<0.05). Differences between other species were small with no significant 
differences between the next four fastest growing species. Podocarpus totara and 
Pittosporum eugenioides were significantly slower growing than U. europaeus, A. 
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U/ex Kunzea Aristotelia Coprosma Pittosporum Melicytus Podocarpus 
europaeus ericoides S9ffata robusta 9ug9nioid9s ramiflorus totara 
A B B BC CD BC D 
Seedlings grown under a gorse canopy (11 % light) 
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europa9us ericoides S9ffata robusta 9ug9nioid9s ramiflorus totara 
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C 
Ulex Kunzea Aristotelia Coprosma Pittosporum Melicytus Podocarpus 
9uropa9us 9rfcoid9s serrata robusta 9ugenioid9s ramif/orus totara 
A A A A A A A 






Species in order of increasing height growth under gorse were Podocarpus totara < 
M. ramiflorus < Pittosporum eugenioides < K. ericoides < A. serrata < C. robusta< 
U. europaeus. While the order has changed from that of seedlings grown in the 
clearing, general patterns are similar. U. europaeus is significantly faster growing than 
all other species with the exception of C. robusta. There were no significant differences 
between growth rates of C. robusta and M. ramiflorus or any of the intermediate 
species. Podocarpus totara was still the slowest growing species but was only 
significantly slower than U. europaeus, C. robusta andA. serrata . 
There were no significant differences between growth rates of seedlings grown under a 
native canopy. In many instances only one individual was surviving (fable 6.9). 
Species in order of increasing growth rates were P. totara < K. ericoides < A. serrata 
< P. eugenioides < M. ramiflorus < C. robusta< U. europaeus. 
With increasing canopy cover, A. serrata and K. ericoides have comparatively lower 
growth rates for height. While they are two of the three fastest growing species in the 
clearing they are two of the slowest growing species under the native canopy. C. 
robusta appears to do comparatively better in the presence of a canopy. In each of the 
environments, U. europaeus has the greatest height growth while Podocarpus totara 
has the least height growth. 
Differences in RGRh between environments for each species are given in Table 6.12. 
Table 6.12 Differences in RGRh of seedlings grown in a clearing and under gorse and 
native canopies 
the RGRh for any treatment followed by the same letter is not significantly different 
within a species (RyansQ, p>0.05). 
clearing gorse native 
Ulex europaeus A 8.29 AB 7.57 B 5.39 
Kunzea ericoides A 5.60 AB 3.99 B 2.01 
Aristotelia serrata A 5.94 A 4.43 B 2.15 
Coprosma robusta A 4.57 A 5.89 A 4.62 
Pittosporum eugenioides A 2.73 A 3.02 A 2.43 
Melicytus ramiflorus A 4.67 A 2.97 A 3.15 
Podocarpus totara A 2.43 AB 1.00 B 0.13 
Over the fourteen months of the experiment, relative height growth varied little across 





the clearing, intermediate under gorse and significantly lower under the native canopy. 
For A. serrata and Podocarpus totara, RGRh was similar in the clearing to that of 
seedlings grown under the gorse canopy. There was a significant decrease in RGRh for 
seedlings grown under a native canopy. C. robusta, Pittosporum eugenioides and M. 
ramif[orus all maintained a similar height growth across all three environments. 
6.3.14 Seasonal changes 
During the first growing season, species in order of increasing RGRh in the clearing 
were P. totara < P. eugenioides < C. robusta < A. serrata < M. ramijlorus < K. 
ericoides < U. europaeus. The order of species is very similar to that for height 
growth over the full duration of the experiment During the winter, growth rates were 
lower for all species with the exception of C. robusta. This resulted in C. robusta 
having a significantly higher RGRh over winter (p<0.05) than all other seedlings grown 
in the clearing. In the following growing season, from August to December when the 
experiment was terminated, there were no significant differences between the growth 
rates of seedlings in the clearing. 
Rankings of species based on growth rates, in the first season, under the gorse canopy 
were similar to those for growth over the full duration of the experiment However, M . 
ramijlorus which had a relatively high RGRh initially, had a comparatively lower 
RGRh when averaged over the longer period. As in the clearing, growth rates were 
slower over winter for seedlings grown under the gorse canopy. The exceptions were 
Pittosporum eugenioides and Podocarpus totara. These species maintained similar 
growth rates for the duration of the experiment This resulted in Pittosporum 
eugenioides having the highest RGRh over winter. There were no significant 
differences in growth rates in the spring and early summer of 1993 (p>0.05). However, 
U. europaeus which had previously been significantly faster growing was now the 
slowest growing. This suggests that, following an initial increase in height in response 
to low light levels, U. europaeus was unable to maintain growth at the low light level. 
Growth under the native canopy did not vary significantly between seasons or species 
(p>0.05). As under the gorse canopy, U. europaeus tended to be the fastest growing 




Hei~ht : mass 
The height:mass ratio of a seedling is useful in interpreting its strategy in response to 
shading. A tall seedling with a big height: mass ratio exhibits a shade avoidance 
strategy while a tall seedling with a lower height:mass ratio shows shade tolerance. 
The height:mass ratios of seedlings of the study species in the clearing and under the 
gorse and native canopy are given in Fig 6.29. 
Species in order of increasing height:mass ratio in a clearing were U. europaeus < A. 
serrata < Podocarpus totara < K. ericoides < Pittosporum eugenioides < C. robusta 
< M. ramijlorus. There were no significant differences between the height:mass ratios 
for the six species with the highest ratios . M. ramiflorus had a significantly higher 
height:mass ratio than A. serrata and U. europaeus. 
Species in order of increasing height:mass ratio for seedlings grown under a gorse 
canopy were Podocarpus totara < C. robusta < A. serrata < Pittosporum eugenioides 
< K. ericoides < M. ramijlorus < U. europaeus. Differences between adjacent species 
were not significant but the height :mass ratio of U. europaeus, was significantly higher 
than that of the four species with the lowest ratios. 
Species in order of increasing height:mass ratio for seedlings grown under a dense 
native forest canopy were Pittosporum eugenioides < Podocarpus totara < A. serrata 
< C. robusta < M. ramiflorus < K. ericoides < U. europaeus. As for seedlings 
grown under the gorse canopy, differences between adjacent species were not 
significant but the height:mass ratio of U. europaeus, was significantly higher than that 
of Podocarpus totara and Pittosporum eugenioides. 
U. europaeus, K. ericoides showed a significant increase in height:mass ratio when 
grown under a gorse canopy. For C. robusta, the increase was not significant unless 
plants were grown under the denser native canopy. A. serrata, Pittosporum 
eugenioides, M. ramijlorus and Podocarpus totara showed the same tendency for 
height: mass ratio to increase with increased canopy cover but the difference was not 
significant Pittosporum eugenioides showed a decrease in height:mass ratio between 
seedlings grown under the gorse canopy and those grown under a native canopy. 
However, only one individual survived under the native canopy. Large increases in 
height:mass ratio in response to shade (shade avoidance) were most evident in the 
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6.3.15 Relative Growth Rate (weight) 
Relative growth rates for the field experiments are presented in Fig 6.30. They do not 
include root weights. This will mean that plants that invested a large amount of 
resources in roots will have their RGR underestimated. There was a significant 
difference in relative growth rates between species and between treatments (p<0.01). 
Growth rates were highest in the clearing. They were reduced by the presence of a 
gorse canopy and lower still under the denser native canopy. 
Species in order of decreasing growth rate in the clearing were U. europaeus > K. 
ericoides > A. serrata > C. robusta > M. ramif[orus > Pittosporum eugenioides > 
Podocarpus totara. The tendency was for faster growth rates for early-successional 
species. U. europaeus had a significantly higher growth rate than the four slowest 
growing species and the three fastest growing species U. europaeus, K. ericoides and 
A. serrata all had a faster growth rate than Pittosporum eugenioides and Podocarpus 
totara. 
When grown under the gorse canopy, species in order of decreasing growth rate were 
C. robusta > A. serrata > K. ericoides > Pittosporum eugenioides > U. europaeus > 
M. ramif[orus > P. totara. The main differences between this and the clearing was 
that there was much less difference in growth rates between the faster growing species. 
C. robusta became the fastest growing species and was significantly faster growing 
than M. ramiflorus and Podocarpus totara. 
Species in order of decreasing growth rate under the native canopy were Pittosporum 
eugenioides > C. robusta > A. serrata > M. ramiflorus > U. europaeus > K. ericoides 
> Podocarpus totara. There were no significant differences between the growth rates 
of species grown under the native canopy. The growth rate of species that had grown 
fast in the clearing had been reduced while there had been little change for the slower 
growing species. There was not a strong relationship between growth rate under the 
native canopy and successional status. 
The effect of canopy on growth rates differed between species ( species x treatment 
effect p<0.01). Both U. europaeus and Podocarpus totara grew fastest in the clearing. 
Their growth rate was significantly lower under a gorse canopy and lower again when 
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Relative i,:owth rate of seedlin~s ~own at Deborah Bay 
Oct 92 to Dec 93 {mean and s.e.m) 
Seedlings grown in a clearing (68% light) 
LJ/9x Kunz9a Aristot9Jia Coprosma Pittosporum M9/icytus Podocarpus 
9uropa9us 9ricoid9s 59,rata robusta 9Ug9nioid9s ramiflorus totara 
A AB AB BC C BC C 
Seedlings grown under a gorse canopy (11 % light) 
UJ9x Kunz9a Aristot9Jia Coprosma Pittosporum M9/icytus Podocarpus 
9uropa9us 9ficoid9s s9rrata robusta 9ug9nioid9s ramiflorus totara 
AB AB AB A AB BC 
Seedlings grown under a mahoe/kanuka forest 
canopy (2% light) 
C 
LJ/9x Kunzea Aristotelia Coprosma Pittosporum Melicytus Podocarpus 
europaeus ericoides serrata robusta eugenioides ramif/orus totara 
A A A A A A A 






Individuals of K. ericoides and A. serrata also grew fastest in the clearing and had 
lower growth rates in the presence of a canopy. However, there was not a significant 
reduction in growth rate between individuals grown under a native canopy and those 
grown under the gorse canopy. There was no difference between the growth rate of 
seedlings of C. robusta growing in the clearing and those growing under a gorse 
canopy. Growth rates of C. robusta under a native canopy were significantly lower 
than both the gorse and clearing treatments. For Pittosporum eugenioides and M. 
ramijlorus, growth rates did not differ significantly with canopy type. Species in order 
of increasing differences between RGR in the clearing and under gorse were M. 
ramijlorus < C. robusta < Pittosporum eugenioides < A. serrata < Podocarpus 
totara < K. ericoides < U. europaeus. Low survival under a native canopy made a 
similar comparison with the native canopy impossible. In genyral, early-successional 
species showed more variation in growth rates with canopy type than late-successional 
species. Podocarpus totara was an exception to this generalisation. 
Table 6.13 Differences in RGR between environments for each species 
the RGRw for any treatment followed by the same letter is not significantly different 
within a species (RyansQ, p>0.05). 
clearing gorse native 
Ulex europaeus A 16.25 B 6.09 C 5.39 
Kunzea ericoides A 12.28 B 6.42 B 2.98 
Aristotelia serrata A 11.36 B 7.05 B 3.98 
Coprosma robusta AB 7.29 A 9.13 B 4.62 
Pittosporum eugenioides B 5.30 B 6.22 B 8.28 
Melicytus ramiflorus A 7.17 A 4.58 A 3.61 
Podocarpus totara A 4.53 B 1.93 C -0.12 
6.3.16 Specific Leaf Area (SLA) 
Any attempt to partition growth into Net Assimilation Rate and Leaf Area Ratio is 
affected by the absence of root weights. However, SLA can still be measured. As leaf 
areas were not measured for U. europaeus in the field, estimates of SLA from the 
controlled experiments in Chapter 3 have been included for comparison. They are 
enclosed in brackets when they are referred to in the text. Values of SLA are 
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Species in order of increasing SLA in the clearing were, (U. europaeus <) K. 
ericoides< Podocarpus totara < Pittosporum eugenioides < C. robusta < M. 
ramiflorus < A. serrata. Early-successional species tended to have a lower SLA but A. 
serrata had a higher SLA and Podocarpus totara a lower SLA than would be 
predicted on the grounds of successional status. 
Species in order of increasing SLA under a gorse canopy were (U. europaeus <) 
Podocarpus totara < Kunzea ericoides < Pittosporum eugenioides < C. robusta < M. 
ramiflorus < A. serrata. Species in order of increasing SLA under a native canopy 
were Pittosporum eugenioides < Podocarpus totara < K. ericoides ( < U. europaeus) 
< C. robusta < A. serrata < M. ramiflorus. 
Seedlings tended to have a higher SLA when grown under a canopy than when grown 
in a clearing and the denser native canopy resulted in a higher SLA than the gorse 
canopy. K. ericoides and P. eugenioides were unusual in that they showed a lower 
SLA under the native canopy than when grown under a gorse canopy. For each of 
these species the SLA was based on one seedling only. 
6.3.17 Relationship between SLA and RGR 
As shown in Fig 6.32, RGR was not closely related to SLA in seedlings grown in the 
field. For seedlings grown in the clearing (Fig 6.32a) the tendency is for the 
relationship between RGR and SLA to be negative with all species included. When U. 
europaeus and K. ericoides are excluded from the analysis a close positive relationship 
between RGR and SLA emerges. For seedlings grown under a gorse canopy (Fig 
6.32b ), the relationship between RGR and SLA tends to be positive. The relationship is 
closer when U. europaeus and K. ericoides are excluded but the slope of the 
regression is still not significantly different from zero (p>0.05). There is no relationship 
between RGR and SLA for seedlings grown under the native canopy (Fig 6.32c) and 
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6.3.18 Can differences between growth rates in a clearing and under a gorse 
canopy be interpreted as a response to shading or weeding? 
A factorial experiment examining the effects of shading and weeding in a clearing was 
used to examine possible explanations for the differences in growth between the 
clearing and under a gorse canopy. Light levels were lower under the gorse canopy 
than in the clearing and there were also fewer competing plants (Fig 6.33). 
Table 6.14 shows the result of an ANOVA to examine the effects of shading and 
weeding on RGRh, height:mass ratio, RGRw and SLA. The effect of shading and 
weeding on these parameters is illustrated for each species in Figs 6.34- 6.37. 
Table 6.14 Significance of main effects and interactions for an experiment on the 
effect of shading and weeding on seedling growth in a clearing 
Values in the table are P values. 
Effect RGRh h:mass RGRw SLA 
Species 0.0001 0.0001 0.0001 0.0001 
Shading 0.0013 0.0072 0.29 0.0001 
Weeding 0.0019 0.0001 0.0001 0.16 
Shading x weeding 0.34 0.64 0.35 0.25 
Species x shading 0.038 0.014 0.019 0.002 




Fi~ 6.33 Differences in the level of competing plants for seedlings grown in the 
clearin~ and those grown under the gorse cano.py at Deborah Bay. 
a) growing conditions of seedlings in a clearing 
b) growing conditions of seedlings under a gorse canopy 
6.3.19 Effect of Shading 
Shading led to a significant increase in RGRh (Fig 6.34). This was largely the result of 
an increase in height: mass ratio (Fig 6.35) as there was no significant difference in 
RGRw (Fig 6.36) between shaded and unshaded plots. SLA increased with shading 
(Fig 6.37). This increase will have helped to maintain a similar RGRw in shaded and 
unshaded plots despite lower light levels in the shaded treatment 
The significant species x shading interaction for all the growth parameters indicates 
differences in the effect of shading on different species. A. serrata, C. robusta and 
Pittosporum eugenioides tended to increase their RGRh in response to shading. This 
increase was only significant for C. robusta. There was very little change in RGRh for 
U. europaeus and K. ericoides and a tendency for M. ramiflorus and Podocarpus 
totara to have a lower RGRh when shaded (Fig 6.34). All species other than C. 
robusta and Pittosporum eugenioides showed an increase in height:mass ratio in 
response to shading (Fig 6.35). The increase in RGRh for C. robusta and Pittosporum 
eugenioides was associated with an increase in RGRw (Fig 6.36) and a decrease in 
height:mass ratio (Fig 6.37). 
U. europaeus maintained the highest RGRw in the shaded treatment although it was 
significantly (p<0.05) lower than that of U. europaeus grown in the clearing in the 
absence of shading. K. ericoides, M. ramiflorus and Podocarpus totara all showed a 
decrease in RGRw in response to shading but this was not significant The RGRw of 
A. serrata showed very little change in response to shading while Pittosporum 
eugenioides and C. robusta showed increases in RGRw (Fig 6.36). This increase was 
significant for C. robusta. Specific leaf area increased in response to shading in all 
species (Fig 6.37). The species x shading interaction for SLA is a result of differences 
in the size of the increase. M. ramiflorus showed the largest increase in SLA on both 
an absolute and a percentage basis. Other species showed a similar percentage increase 
leading to a greater absolute increase for species with a higher SLA. 
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6.3.20 The effect of weeding 
Weeding led to a significant increase in RGRh (Fig 6.34). This was despite a significant 
decrease in height:mass ratio (Fig 6.35). RGRw was significantly higher in weeded 
plots than in unweeded plots (Fig 6.36) while SLA did not differ significantly (Fig 
6.37). 
RGRh and RGRw both showed significant interaction effects with species. These did 
not occur for height:mass ratio or SLA. Weeding resulted in an increase in RGRh for 
C. robusta, Pittosporum eugenioides and M. ramiflorus. For the remaining species 
weeding had little effect on RGRh. The increase in RGRw in response to weeding 
occurred for all species. The increase was significant for C. robusta and Pittosporum 
eugenioides and least marked for U. europaeus and K. ericoides. The large increase in 
growth for C. robusta and Pittosporum eugenioides is linked to an inability of these 
species to maintain height growth. Their final height was less than twenty centimetres 
while for other species (with the exception of M. ramiflorus which also tended to show 
an increase in RGRw in response in response to weeding) final heights were more than 
double this. 
There was no significant interaction between the effects of shading and weeding. 
The response of species to shading was not closely related to their successional status. 
While early.sui::cessional species U. europaeus and K. ericoides showed a decrease in 
RGRw with shading this also occurred for late-successional M. ramiflorus and 
Podocarpus totara. U. europaeus and K. eriocides showed the ability to maintain a 
high RGRh despite a decrease in RGRw. However, Pittosporum eugenioides and C. 
robusta achieved an increase in RGRh in response to shading as a result of an increase 
in RGRw. Early-successional species appeared to be less affected by competition as 
they showed the least increase in growth when weeds were removed. 
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Fig 6.34 The effect of shading and weeding treatments on RGRh .Qf.. 
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Fig 6.35 Effect of shading and weeding on height:mass ratio of seedlings 
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Fig 6.36 The effect of shading and weeding treatments on RGRw of 
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6.4 DISCUSSION 
6.4.1 The ability of experiments under controlled conditions to explain 
germination patterns in the field. 
Germination at a range of light levels and the ability to emerge through litter under two 
moisture regimes was examined for a range of species under controlled conditions 
(Chap 2). At Deborah Bay, only U. europaew;, K. ericoides, and M. ramiflorw; 
germinated in sufficient numbers to draw any conclusions as to which environments 
favoured their germination in the field. 
a)Ulex europaeus 
In controlled experiments (Chap 2), the germination of U. europaew; was highest in 
the dark and inhibited at high light levels. U. europaew; had high levels of germination 
both at the surface and from beneath a litter layer. Deep litter under moist conditions 
reduced the germination of U. europaew; while the number of seeds germinating on the 
surface was the same whether conditions were moist or dry. For U. europaew;, either 
clearance of the canopy or removal of litter tended to increase the levels of germination 
in the field. However, when the treatments were combined, the increase was either not 
as marked as would be predicted on the basis of the two treatments alone, or in some 
seasons resulted in a decrease in germination. 
Changes in germination in response to an increase in light level do not explain the 
increase in germination observed when the gorse canopy or litter layer is cleared. Other 
effects of canopy removal e.g. increased fluctuation in temperature must account for 
the increase in germination when the canopy is removed. From the results of controlled 
experiments, the removal of litter under moist conditions would be expected to result 
in an increase in germination. This provides an explanation for the increase in 
germination when litter was removed from under the gorse canopy. Under drier 
conditions, deep (4cm) litter did not inhibit germination. This can explain why litter 
removal in the clearing did not lead to the same increase in germination as litter 
removal from under the gorse canopy. It does not explain how litter removal in the 
clearing could result in a reduction in germination. The first possible explanation for 
this reduction is that when both litter and the canopy are removed, the environment is 
no longer suitable for germination (e.g. plots with both the canopy and litter removed 
were observed to be very dry). While the dry treatment did not affect germination of 
U. europaew; on the surface in the controlled experiment it is likely that had the dry 
treatment been more extreme, germination would have been reduced. An alternative 
explanation is that the removal of litter involves the removal of seed. One of the 
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differences between conditions in the controlled experiments and the field was the 
sterilisation of the litter so any effects of litter as a seed source would not have been 
observed in the controlled experiment. In the field the litter could act as a seed source, 
the removal of which would reduce germination. Previous results suggest that the 
recently fallen seed in the litter layer may be the most readily germinable (Section 
6.3.2). In the clearing, where conditions appear to be suitable for the germination of U. 
europaeus, the availability of readily germinable seed may become limiting. This would 
explain the initial burst of germination in the plots with both litter and the clearing 
removed and the later emergence of the interaction effect. Removal of litter when the 
gorse canopy is still intact would also involve the removal of seed but if environmental 
conditions rather than seed availability is limiting germination this will not result in 
lower levels of germination. 
b) Kunzea ericoides 
Under controlled conditions, K. ericoides exhibited a light requirement for germination 
and was not capable of emergence from deep litter. Under field conditions, litter 
removal increased the germination of K. ericoides both in the clearing and under the 
gorse canopy. Removal of the gorse canopy did not effect the number of kanuka seeds 
germinating. 
The inability of kanuka to emerge through litter, is sufficient to explain the differences 
in germination observed in the field. This could be the result of either the light 
requirement of K. ericoides oi its small seed size (as discussed in Chap 2). The light 
requirement of K. ericoides can also explain the lower level of germination in the two · 
darker replicates under the gorse when compared with the two lighter replicates and 
the very low levels of K. ericoides germination under the native canopy. 
c) Melicytus ramif[orus 
Under controlled conditions, M. ramijlorus showed reduced germination in the dark 
and a limited ability to emerge from deep litter. Dry conditions on the surface or moist 
conditions under deep litter both reduced the emergence of M. ramijlorus seedlings. 
The small number of M. ramijlorus seeds germinating during the field experiment 
makes it difficult to determine differences in germination in response to canopy 
clearance or litter removal. None of the differences found were statistically significant, 
although the tendency was for germination to be higher when the gorse canopy 
remained intact and higher when litter was removed. When both the canopy and litter 
layer was removed germination was very low. This indicates an interaction between 
canopy and litter removal similar to that observed for U. europaeus These patterns of 
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germination are similar to those observed for the grouping of native trees from which 
the majority of seeds genninating were M. ramif[orus (27%), Aristotelia serrata and 
Schefflera digitata. These trends were significant for the larger grouping of species. 
The increase in germination in response to removal of litter can be explained by the 
inhibitory effect of deep litter on emergence of M. ramif[orus that was observed in the 
controlled experiments. Low light levels and/or small seed size appear to prevent M. 
ramiflorus from establishing in deep litter (Section 2.4.3). The reduction in 
germination of M. ramif[orus as a result of canopy removal is not consistent with the 
effects of an increase in light but can be partly explained by changes in response to 
moisture observed in controlled experiments. Drier conditions resulting from the 
removal of the canopy would be expected to result in lower germination in the absence 
of litter. This reduction in response to dry conditions was not observed in controlled 
experiments in the presence of litter but conditions were not as dry as those observed 
in the field and the litter itself will have reduced germination in the plots where the 
canopy was cleared but the litter layer left intact 
The interaction (i.e. the fact that when both litter and the canopy were removed, the 
reduction in germination was more marked than would have been expected on the 
basis of the two treatments combined) can also be explained by the combined effects of 
litter depth and moisture level. Removal of litter will result in an increase in 
germination only when it is a limiting factor in germination. Under dry conditions in the 
clearing, removal of litter would not increase germination but with moister conditions 
under the gorse canopy it would. The interaction could also be stated as: removal of 
the canopy when the litter layer remained intact resulted in a less of a decrease in 
germination than removal of the canopy when the litter layer had already been 
removed. This can be explained in a similar way by moister conditions under the intact 
canopy only resulting in higher levels of germination if deep litter is not present to 
inhibit germination. The majority of seeds germinated in plots where the litter was 
removed from under an intact gorse canopy. This is consistent with the high levels of 
germination observed under moist conditions in the absence of litter. The lowest levels 
of germination were observed in plots with both the canopy and litter layer removed. 
This is consistent with an inhibitory effect of dry conditions on germination of M. 
ramif[orus. 
d)Summary 
Changes in germination in response to light level do not provide an explanation for 
germination patterns in the field. Litter depths and moisture levels help provide a 
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possible explanation for the effects of litter removal and the interaction effect between 
canopy and litter removal. Some effect of canopy removal other than increase in light 
is required to explain the tendency for germination of U. europaeus to increase in 
response to canopy clearance. 
Overall, the effect of changes in light due to the different treatments do not explain the 
patterns of germination observed in the field. The effect of soil moisture and litter 
depth contribute to an explanation of some of the patterns observed. However, aspects 
of canopy removal that were not studied e.g. increase in temperature fluctuations also 
appear to be important in explaining the germination patterns at Deborah Bay. 
6.4.2 The ability of experiments under controlled conditions to explain survival 
and growth rates observed in the field 
Seedlings were grown at a range of light levels in experiments discussed in Chapter 3. 
The aim of the field trial was to investigate whether similar responses to light were 
observed in the more variable conditions in the field and whether results from the two 
studies could be combined to help in understanding the species replacements during 
succession. 
a) Comparison of light levels, species and growth parameters 
Average light levels used in the controlled experiments, were comparable to those 
seedlings were grown at in the field. Levels of 70%, 11 % and 2% were matched with 
light levels in the clearing (68%), light levels under a gorse canopy (11%) and light 
levels under a native canopy (2% ). However, there are likely to have been differences 
in the seasonal and diurnal patterns of light and the wavelength distribution that may 
have affected the growth of seedlings (Wayne and Bazzaz 1993). 
Five species were comom to both the controlled experiments and the field experiments. 
These species were Ulex europaeus, Kunzea ericoides, Coprosma robusta, 
Pittosporum eugenioides and Melicytus ramiflorus. Other species are excluded from 
the comparisons between the two experiments. 
Due to differences in conditions between the field experiment and the controlled 
experiment absolute values for growth parameters are an inappropriate comparison of 
these two experiments. The field experiment was more than four times as long as the 
controlled experiments and included all seasons not just spring and summer. Roots 
were not harvested in the field experiment so calculations of RGRw were not directly 
comparable. Regression analyses were used to examine comparative growth rates. A 
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strong positive relationship between growth rates in the two experiments indicates a 
tendency for species with high growth rates under controlled conditions, when 
compared with other species, to show high growth rates in the field, when compared 
with other species. 
b) Survival 
Survival in the two studies was generally similar. Survival was lowest at the lowest 
light level and U. europaeus showed significantly lower survival at low levels than at 
high light levels. A notable difference between the two studies was the high survival at 
low light levels for K. ericoides and the late-successional species in the controlled 
experiments. This can be attributed to the shorter duration of the controlled 
experiments as results of the field experiment after three months (the duration of the 
controlled experiments) were more similar to those of the controlled experiment 
Differences in survival in a short term experiment cannot be assumed to represent 
differences in survival over a longer period. However short term differences in survival 
at low light levels can be important in increasing the probability of surviving until a 
disturbance event which will increase light levels enough to enhance the probability of 
long term survival. 
c) Height growth in response to shading 
Height growth of seedlings grown in the field was not closely related to that achieved 
in the shorter potted experiment i.e. species which achieved a comparatively high 
RGRh in the controlled experiments did not necessarily achieve a comparatively high 
RGRh in the field experiment This is illustrated by the linear regressions of RGRh in 
Fig 6.38 which do not show a slope significantly different from zero at any light level 
(p>0.05). 
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Fig 6.38 Comparison of height growth for seedlings grown at Deborah Bay 
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A second series of regressions were carried out to compare the height growth over the 
first growing season in the field with that in the potted experiment While this 
increased the slope of the line in all cases, slopes were still not considered significantly 
different from zero. The parameters of the regression equations are presented in Table 
6.15 for comparison. 
Table 6.15 Parameters for regressions of height growth in the field against height 
growth of potted seedlings 
The p-value represents the probability that the slope of the line is not different from zero 
RGRt1 fuU RGRh 
duration season l 
Species RL slope p value RL slope p value 
70% light 0.09 0.09 .61 0.65 0.65 .10 
11% lioht 0.18 0.19 .65 0.97 0.48 .19 
2% liaht 0.00 0.002 .99 0.02 0.00 .81 
Differences in RGRh between the two experiments could result from differences in 
height:mass ratio and differences in RGRw. 
Height: mass ratios in pots at high light were not good predictors of height to mass 
ratios in the clearing (Fig 6.39, R2 =0.004). Differences could have resulted from both 
the effects of different growing conditions and differences in form with age, as 
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seedlings harvested from the field were ten months older than seedlings harvested from 
the potted experiments. 
As shown in Fig 6.39, height: mass ratios of seedlings grown at lower light levels in the 
field showed a closer relationship with seedlings grown at the equivalent light level in 
pots. However, the slopes of the regression lines of height:mass ratios in the field 
against height:mass ratic~ for seedlings grown in pots were not significantly different 
from zero. U. europaeus and K. ericoides had the highest height :mass ratio under 
shaded conditions both in the field and under artificial shade. In both situations they 
demonstrate a strategy of shade avoidance while other species appear to emphasise 
shade-tolerance. 
Fig 6.39 Linear Regressions of logs of height:mass ratios for seedlings grown 
in a clearing under a gorse canopy 01% light) or under a native forest 
canopy (2% light) against potted seedlings grown at similar light levels. 
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The seedlings grown in the clearing at Deborah Bay showed a similar ranking of 
RGRw as plants grown in the high light treatment in the potted experiment In both 
experiments, U. europaeus was the fastest growing species followed by K. ericoides. 
The three later-successional species in common between the two experiments, C. 
robusta, P. eugenioides and M. ramiflorus, were all significantly slower growing than 
U. europaeus (p<0.05) but not K. ericoides (p>0.05) in both experiments. While the 
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order of growth rates differed within the later-successional group, in neither 
experiment were there any significant differences between them (p>0.05). A linear 
regression of growth rate in the field against growth rates in pots shows a positive 
relationship (Fig 6.40) indicating that high growth rates in the clearing were associated 
with high growth rates in pots at high light levels. 
Fig 6.40 Comparison of RGR for seedlings grown at 70% light in a clearing at 
Deborah Bay and in a potted experiment, 
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Seedlings grown under the gorse canopy at Deborah Bay, showed little variation in 
RGR. The only significant difference was between the fastest growing C. robusta and 
the slowest growing M. ramiflorus. This contrasts with growth of seedlings at 11 % 
light in pots under artificial shade. Under these conditions there were no significant 
differences between growth rates of seedlings but M. ramiflorus tended to be the 
fastest growing and C. robusta the slowest growing. These differences between the 
two experiments result in a negative relationship between growth rates with a high 
growth rate in the controlled experiment being associated with a low growth rate in the 
field experiment (Fig 6.41). 
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Fig 6.41 Comparison of RGR for seedlings grown at 11% light, under a gorse 
canopy and seedlings grown under artificial shade in pots 
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There are a range of possible explanations for this negative relationship which appears 
to be largely the result of differences in the growth of M. ramiflorus and C. robusta. 
M. ramiflorus showed low survival under gorse as well as a slower growth rate. Both 
of these results can be attributed to M. ramiflorus's strategy of increasing leaf area 
ratio (LAR) to maintain growth at low light levels. M. ramiflorus showed one of the 
largest increases in LAR in response to low light levels. A high LAR would make 
seedlings more prone to drought. In the potted experiment this did not lead to lower 
survival due to watering of the pots. However, it may explain the lower survival under 
the gorse canopy where water may have been limiting at times. 11rroughfall under a 
gorse canopy is known to be low (Aldridge 1968). Drier conditions in the field may 
also have restricted the increase in LAR to less than that in the potted experiment thus 
lessening the ability of M. ramiflorus to maintain its growth rate in response to 
decreasing light levels. 
M. ramiflorus also had the highest root weight ratio (RWR) at 11 % light when this 
was measured in the controlled experiment If this high RWR also occurred under field 
conditions it would result in the RGR of M. ramiflorus being under-estimated by more 
than other species in the field as roots were not harvested. 
The high LAR associated with a high RWR must be the result of a high specific leaf 
area (SLA). Differences in the ability to adjust SLA in response to light are discussed 
for all species in the following section. 
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It is more difficult to explain why C. robusta should grow comparatively faster in the 
field. One possibility is that C. robusta was responding to differences between the 
environments that were not related to light. For example, soils in the field could have 
been higher in nitrogen (N) than the soil in pots due to the nitrogen fixing properties of 
gorse. If C. robusta has a more plastic response to soil N than other species this would 
result in a greater increase in RGR for C. robusta than for other species. This has not 
been tested in any way in this study. A second alternative is that differences between 
growth rates in the two experiments was the result of differences between the C. 
robusta seedlings themselves rather than the different conditions they were exposed to. 
This could have resulted from the growth of seedlings from seed collected at two 
different times. 
The pattern of growth at low light levels (2 % ) was similar in the field and when 
seedlings were grown in pots (Fig 6.42). In both studies, late- successional species, P. 
eugenioides in particular, tended to be faster growing than K. ericoides and U. 
europaeus. Differences between growth rates were small and not significant. As at 
11 % light, C. robusta had a comparatively higher RGR than other species in the field. 
Fi& 6.42 Comparison of RGR for seedling:s grown at 2% li&l}t under a dense 
canopy and in artificially shaded pots 
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Differences in the level of reduction in RGR in response to decreasing light levels were 
also observed between the two experiments. P. eugenioides and M. ramif[orus did not 
show significant differences between the growth rates of seedlings grown under the 
native canopy and those grown under the higher light levels of the gorse understorey. 
They had shown a significant decrease in growth between the two similar light 
treatments in the potted experiment. Growth rates for seedlings grown at 2% light in 
pots were negative for U. europaeus, K. ericoides and C. robusta yet all of these three 
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species demonstrated positive growth rates in the field under the dense native canopy. 
The lack of significant decreases in RGR with decreasing light levels and the higher 
growth rates at low light in the field can both be explained by the effect of lower 
survival at low light levels in the field. If all seedlings with a negative growth rate had 
died by the end of the longer field experiment, only the faster growing seedlings would 
be left This would result in positive growth rates in the field for any species in which 
any individual seedling could achieve a positive growth rate and would increase growth 
rates at low light when compared to growth rates at higher light. 
e) Change in SLA in response to light level 
Differences in the ability of seedlings to adjust LAR in response to light between 
seedlings grown in a field experiment and those grown in a well watered pot 
experiment have been predicted (Walters et al 1993). A high LAR may help a seedlings 
maintain its growth rate at lower light levels but would also result in greater water 
stress if water was not readily available. LAR can not be calculated in the current field 
experiment as roots were not harvested. SLA was found to be the major component of 
change in LAR in the controlled experiments described in Chapter 3 and is used to 
investigate differences between seedlings grown at Deborah Bay and seedlings that 
were grown in watered pots. 
The close relationship between SLA measured under field conditions and SLA 
measured in the potted experiment is shown in Fig 6.43. There was a strong positive 
relationship at each of the light levels with the regressions all having an R 2 value of ;?: 
0.94. Ulex europaeitS was not included in the comparisons as SLA was not calculated 
for this species in the field experiment Pittosporum eugenioides was excluded from 
the comparison at 2% as only one individual was surviving in the field. The low SLA 
measured for this one seedling (Fig 6.43) may not have been typical of the species. 
For the two higher light levels, the Y- intercept of the regression line was positive as a 
result of SLA in the field being higher than the SLA measured for seedlings grown in 
pots. At 2% light, the reverse is true and SLAs tend to be lower in the field. This 
supports the idea that the ability to increase SLA and LAR in response to low light 
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6.4.3 Survival of early- and late-successional species 
There was little evidence of any differences in survival of early and late- successional 
seedlings in clearings. Transplanted seedlings of all species died in the unfenced , 
experiment while the majority of seedlings of all species survived when seedlings were 
fenced. Differences in survival are not necessary to explain the dominance of early-
successional species following clearing at Deborah Bay as late-successional study 
species germinated in the clearing only in very low numbers. 
Seedlings showed higher rates of survival in the clearing than when grown under a 
dense canopy. This was observed for early-successional U. europaeus and K. ericoides 
seedlings that germinated at Deborah Bay. Their seedlings showed reduced survival 
under a gorse canopy and none of the U. europaeus seedlings germinating under the 
denser native canopy survived. Higher rates of survival tended to be observed for 
transplanted seedlings of both early and late-successional species in fenced plots in the 
clearing when compared with seedlings grown under a canopy. However, in the 
absence of fencing, transplanted seedlings of both early- and late-successional seedlings 
showed low survival in the clearing as a result of rabbit grazing. 
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When seedlings were grown in fenced plots, under a gorse canopy, there was no 
difference in the survival of early- and late-successional species. When plots were not 
fenced there was a tendency towards greater survival of late-successional species but 
this was not significant Under the denser native canopy, survival was low for all 
species. There is some evidence that late-successional species survive for longer and 
that there is less difference between their chances of survival under a dense canopy and 
in a clearing. However, these differences did not result in higher survival of late-
successional species than early-successional species a year after transplantation to a 
dense understorey environment 
The lack of significant differences in survival is consistent with the study of De Steven 
(1991) who found that differences in survival did not provide an explanation for the 
different distribution of seedlings during stages of an old-field succession. These were 
better explained by differences in seed availability. 
For the experiments in which seedlings were transplanted, survival in the clearing was 
strongly influenced by herbivory. The greater effect of herbivory on survival for 
transplanted seedlings than for seedlings germinating in the field can be attributed to 
their larger size and isolated positions. Seedlings germinating in the field were part of a 
large cohort of small seedlings. Other studies have also shown that large seedlings in 
clearings are particularly prone to grazing ( Reader and Southwood 1981 and De 
Steven 1991). 
Intense grazing pressure could arrest the progress of succession at the early stages 
where all seedlings were grazed preventing the establishment of a tall canopy. Any 
lessening of the grazing pressure would favour U. europaeus due to its ability to 
sprout and recover from grazing. 
Until a range of early- and late-successional species are present, preferential grazing 
pressure on early-successional species can not affect successional processes. There is 
some evidence that this might occur i.Tl the current succession. When grazing pressure 
is less intense, P. eugenioides and M. ramif[orus will be left in favour of other species. 
This would result in the acceleration of the succession. 
In general, differences in survival between early and late-successional species do not 
appear to be an important mechanism in the succession from gorse to broad-leaved 
forest at Deborah Bay. However, understanding the effects of herbivory is still 
important in any attempts to accelerate this process by planting late-successional 
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species. Survival of seedlings transplanted to small clearings would be very low in the 
presence of rabbits. Seedlings planted under a gorse canopy would have a much 
greater chance of survival. 
6.4.4 Differences in growth parameters for early- and late-successional species 
grown in clearings and under established canopies. 
For all species, diameter growth was faster in the clearing than for seedlings grown 
under a canopy. There was a tendency for early-successional seedlings to have a 
greater increase in diameter in the clearing while increase in diameter did not appear to 
be related to successional status for seedlings grown under the gorse or native forest 
canopy. 
In the clearing, early-successional U. europaeus had the highest RGRh. K. ericoides 
also had a high RGRh but this was not significantly higher than that of the late-
successional species. U. europaeus also had the highest RGRh when seedlings were 
grown under a canopy but differences between it and other species became 
insignificant. Early-successional species tended to have a low height:mass ratio in the 
clearing but had the highest height:mass ratio for seedlings grown under a canopy. 
They exhibit a strategy of shade-avoidance based on increase in height. 
Early-successional species had significantly higher growth rates (RGRw) in the 
clearing. U. europaeus and K. ericoides also showed the greatest decline in growth 
rate in response to canopy cover. This resulted in a tendency for the ranking of species 
on the basis of RGRw to be reversed when seedlings were grown under the native 
canopy. Under these conditions, late-successional species tended to have a higher 
RGRw than early-successional species. Early-successional species tended to have a 
low SLA but this was also found in the late-successional Podocarpus totara. RGRw 
was not closely related to SLA either in the clearing or for seedlings grown under a 
canopy. 
6.4.5 Comparison between the effects of shade frames in a clearing and the 
presence of a gorse canopy. 
Differences in RGRh were not marked in response to artificial shading (Fig 6.3 4) or 
the presence of the gorse canopy (fable 6.12). In both cases height :mass ratio could 
compensate for decreases in RGRw. 
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For most species, RGRw decreased both in response to artificial shading and the 
presence of a gorse canopy. The two species that increased their growth rates when 
grown under a gorse canopy, C. robusta and Pittosporum eugenioides also increased 
their RGRw in response to artificial shading (Fig 6.44). 
For species that showed a decrease in RGRw the difference was more marked when 
seedlings were grown under the gorse canopy than when seedlings were shaded 
artificially. For C. robusta and P. eugenioides, the increases in RGRw were less 
marked for seedlings grown under the gorse canopy than those grown in the shaded 
treatment The differences in the degree of change is likely to be the result of the 
initially higher light levels during the construction of the shade frames. 
SLA increased for all species in response to artificial shading (Fig 6.37) and the 
presence of a gorse canopy (Fig 6.31). SLA does not appear to be the major 
determinant of changes in RGRw in response to shading as increases in SLA were 
associated with both increases and decreases in RGRw. For C. robusta and 
Pittosporum eugenioides shading increased their RGRw and their SLA while shading 
led to a decrease in RGRw and an increase in SLA. Assumedly net assimilation rates 
were also changing and influenced RGRw more strongly. 
Artificial shading influences seedlings in very similar ways to the presence of the gorse 
canopy. For the current experiment, differences between the two could have been 
attributable to differences in degree of shading as well as differences relating to other 
factors such as effect on temperature or soil moisture. Further experiments would be 
necessary to confinn the source of these differences. However, similarities support the 
idea that change in light level is one of the dominating effects that the gorse canopy has 
on seedling growth. 
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Fig 6.44 RGR of seedlings grown in 11% light, either under a gorse canopy or 
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6.4.6 Comparison of trade-offs with high growth rate in the field and under 
controlled conditions 
As outlined in Chapter 3, Huston and Smith describe an explanation of species 
replacement during succession based on the different response to light of early- and 
late-successional species. Trade-offs· are central to this explanation. Data from the 
responses of seedlings to artificial shade examined in Chapter 3, provided some 
evidence to support a trade-off between a high RGR at high light levels and low 
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survival due to a low RGR at low light levels. In this chapter the aim is to investigate 
whether similar trade-offs are evident in the field and whether they can be used to 
provide an explanation of species replacement during succession for the field site. 
There was little evidence of a trade-off between high growth rates at high light levels 
and high growth rates at low light levels for the seven species grown in the field (See 
Fig 6.45 (R2=0.0l)). However, a tendency for a high growth rate in the clearing to be 
associated with a low growth rates when grown under a native canopy was evident 
when only the five species that had been grown in both the controlled and the field 
experiment were analysed (R2= 0.46). 
Fig 6.45 Linear regression of RGRw for seedlings grown under a dense 
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However, for the trade-off illustrated in Fig 6.45 to provide an explanation for the 
replacement of U. europaeus and K. ericoides with Pittosporum eugenioides, C. 
robusta and M. ramijlorus it would have to result in a different ranking of these 
species on the basis of growth rates between the clearing and seedlings grown under a 
gorse canopy. This does not appear to be the case (Fig 6.46). Species for which 
seedlings had high growth rates in the clearing also tended to have high growth rates 
under a gorse canopy. 
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Fig 6.46 Linear regression of RGR~ for seedlings grown under a gorse 
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Central to the explanation of lower growth rates and survival at low light levels for 
early-successional species was the low SLA of the early-successional species. This 
resulted in a negative relationship between SLA and RGR at high light levels (see Fig 
3.26). The low SLA of early-successional species was associated with high growth 
rates at high light levels but led to low growth rates at low light levels as capture of 
light was limited. 
While there was a tendency for a negative relationship between RGR of seedlings 
grown in the clearing and their SLA this was not significant when all seven of the 
species grown in the field were included (R 2=0. o l). When A. serrata and Podocarpus 
totara were excluded leaving the five species that were in common with the potted 
experiments the relationship was significant This relationship is illustrated in Fig 6.46. 
Its significance depended not only on the exclusion of A. serrata and Podocarpus 
totara but also on the inclusion of an estimate of SLA for U. europaeus taken directly 
from the controlled experiments. As in the potted experiments there was a tendency for 
the negative relationship to occur between RGR at high light and SLA of seedlings 
grown at low light (Fig 6.47). 
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Fig 6.47 Relationship between RGR in the clearing: and SLA of seed.lings 
grown either in the clearing or under a dense native canopy 
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6.4.7 Do the patterns of germination observed in the field contribute to an 
explanation of species replacement during succession? 
Despite the absence of any relationship between successional status and the 
germination responses measured under controlled conditions, germination patterns do 
contribute to an explanation of species replacement in the succession from gorse to 
broad-leaved forest. Disturbance resulting in the removal of the canopy and litter 
would promote the germination of U. europaeus and to a lesser extent that of K. 
ericoides. Disturbance tended to reduce germination in other native tree species. On 
the basis of germination responses U. europaeus and, to a lesser extent, K. ericoides 
would be expected to be more abundant in the early-successional community than any 
of the other native tree species. Once a canopy had established, the germination of 
native tree species would be favoured over that of gorse as the germination of native 
tree species occurs at higher levels under an established canopy than in the clearing 
while a dense canopy reduces the germination of gorse. The effect on germination of a 
dense canopy helps explain the replacement of U. europaeus by native tree species. 
The more open canopy typical of senile gorse no longer restricts the germination of U. 
europaeus and would allow for the establishment of both U. europaeus and a range of 
native tree species. 
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This explanation depends on similar levels of seed availability. The assumption that 
similar numbers of seed of different species will be present at Deborah Bay is not met 
(see Chap 5 on seed availability). U. europaeus seed is available in greater numbers 
than any other species. The result of this is that despite the fact that germination of U. 
europaeus in dark, undisturbed plots was less than three percent of germination of U. 
europaeus in other more favourable plots, there were still more U. europaeus seeds 
germinating in every plot than all the other species combined This indicates that on the 
basis of seed availability and germination U. europaeus would be expected to maintain 
its dominance at Deborah Bay. The existence of large seed banks of U. europaeus in 
sites where it has been established in the past, mean this is likely to be true for any site 
for which the community prior to disturbance was dominated by U. europaeus. 
For differences in survival and growth rates to influence the dominance of species there 
must be a range of species germinating in the different environments. At Deborah Bay, 
despite obvious differences in the level of germination between the treatments, 
individuals of U. europaeus, K. ericoides and M. ramiflorus germinated in all of the 
treatments. 
6.4.8 Do differences between early- and late- successional species in growth rate 
and survival in response to light provide an explanation of species replacement 
during succession at Deborah Bay? 
In a clearing, U. europaeus seedlings have the highest growth rates. They achieve the 
most rapid height gain and can therefore avoid shading. The lack of response to 
weeding suggests that U. europaeus can compete well against typical weeds at 
Deborah Bay. Therefore, this data can explain why U. europaeus should form· the 
initial canopy, following disturbance. In the absence of U. europaeus, K. ericoides 
would be more likely to form a canopy than the later-successional species studied. 
However, K. ericoides would not be able to compete with U. europaeus. 
There is less evidence that the ability to achieve high growth rates in a clearing has a 
cost in terms of ability to achieve high growth rates under a gorse canopy. For 
seedlings grown under the gorse canopy, Coprosma robusta has the highest growth 
rate. Its growth rate is not significantly higher than U. europaeus, K. ericoides, A. 
serrata or P. eugenioides. Therefore, once a canopy had established, U. europaeus 
would no longer have an advantage in terms of higher RGRw. Its greater RGRh will be 
less important than in the clearing but may still provide some advantage in reaching the 
canopy ahead of other species. On the basis of growth rate there should be no 
difference between the chances of gorse or other species replacing the original gorse 
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canopy. Later-successional species would gradually begin to contribute to the canopy, 
along with the gorse. Their taller final height and longer life-span should result in them 
dominating the canopy. 
In the absence of disturbance, the forest canopy would lead to low survival among 
seedlings. While there is a greater difference in survival and growth rates of early-
successional species under a dense canopy when compared with a clearing, there was 
no evidence that they fared significantly worse than late-successional species under the 
native canopy. However, it is likely that longer term studies would provide evidence of 
this. 
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CHAPTER 7: GENERAL DISCUSSION AND CONCLUSIONS 
7.1 INTRODUCTION 
As results have been discussed in the chapter in which they were presented, the 
emphasis of the current chapter is on bringing these discussions together. Conclusions 
regarding the importance of the performance of early- and late-successional species 
along a changing light gradient in explaining species replacement in the succession 
from gorse to broad-leaved forest are presented. Management options aimed at 
accelerating the succession are also discussed. Much of the discussion is speculative 
and concludes with suggestions for further research. 
7.1.1 Differences between controlled experiments and field data 
Many aspects of the current study illustrate the difficulties in predicting performance in 
the field on the basis of experiments carried out under controlled conditions and 
highlight the importance of verifying the results of such controlled experiments in the 
field before using them to make predictions. Decisions on the aspects of the 
environment that are likely to be important in detennining plant performance have to 
be made prior to setting up any controlled experiments. Incorrect decisions at this 
point can result in incorrect predictions of field performance. For example, the 
assumption that response of germination to light levels was important in determining 
germination patterns in the gorse-forest community would lead to an incorrect 
prediction of germination patterns as patterns of germination in the field differed 
markedly from those expected on the basis of response to light levels under controlled 
conditions. Ulex europaeIAS had its highest levels of germination in the dark but 
responded to canopy or litter clearance by an increase in germination while M elicytus 
ramiflorIAS had a light requirement but still achieved higher germination under a canopy 
than in a clearing (Section 6.4.1). 
Similarly, the absence of herbivores from a controlled experiment examining survival 
would lead to incorrect conclusions regarding the probability of survival for 
transplanted seedlings in clearings in the gorse community (Section 6.4.7). The short 
duration of many glasshouse experiments can also lead to false predictions. When 
comparing the height growth of species, seedlings that had large gains in height when 
they were grown at low light for a short period in a controlled experiment tended to 
have lesser gains in height at comparable light levels in a longer field experiment This 
can be attributed to the inability of shade-intolerant plants to maintain initial rates of 
elongation that result from their shade avoidance strategy (Section 6.4.5). 
Comparisons of species under optimum conditions in a glasshouse can also lead to 
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discrepancies with field results under less than optimum conditions. This is illustrated 
by the inability of Melicytus ramijlorus to maintain a high growth rate at lower light 
levels in the field due to other restrictions on the ability to increase its leaf area 
(Section 6.4.5). 
7.2 A TEST OF HUSTON AND SMITH'S PREMISES AS AN EXPLANATION 
OF SUCCESSION 
The first aim of this thesis was to test the hypothesis that differences in the 
performance of early- and late-successional species along a changing light gradient are 
sufficient to explain species replacement in the succession from gorse to broad-leaved 
forest. This is a test of Huston and Smith's (1987) model of succession as outlined in 
section 1.3. Survey work, both in previous studies (Druce 1957; Lee et al. 1986) and 
in the current study show that, following disturbance, Ulex europaeus dominates the 
plant community. It is replaced by a range of native tree species later in the succession. 
For Huston and Smith's model to provide an explanation of this succession there would 
have to be evidence that Ulex europaeus has a greater competitive ability than native 
tree species at high light levels early in a succession and that native tree species have a 
greater competitive ability than Ulex europaeus at low light levels. 
In high light levels under controlled conditions, Ulex europaeus had a higher growth 
rate than any of the native tree species. This difference was significant for all the study 
species with the exception of Kunzea ericoides (Section 3.3.5). When seedlings were 
grown in the high light environment of a recently cleared area of gorse, the same 
results were observed. While high RGR is only one aspect of competitive ability at high 
light levels, weeding treatments provided further evidence of the competitive ability of 
Ulex europaeus. Weeding treatments did not increase the growth rate of Ulex 
europaeus but did result in an increase in the growth rate of many of the native tree 
species studied (Section 6.3.2). These results demonstrate that the dominance of Ulex 
europaeus following disturbance can be explained by its greater competitive ability at 
high light levels than the native tree species studied. 
At the lower light levels, typical of the understorey of an established gorse canopy, the 
growth rate of Ulex europaeus did not differ significantly from those of the native 
woody species studied, in either field or controlled light level experiments (Section 
3.3.5 and 6.3.15). On the basis of growth rates there appeared to be no difference in 
the competitive abilities of the study species at lower light level. This would explain the 
gradual inclusion of native tree species in the canopy alongside Ulex europaeus but 
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would not explain the total replacement of Ulex europaeus. The shorter lifespan and 
stature of Ulex europaeus can explain this exclusion. Ulex europaeus has a maximum 
height of 5m and a longevity of little over 30 years (Lee et al 1986). This is shorter 
than that of the native tree species studied e.g. Kunzea ericoides can live for more than 
70 years (Allen et al 1992) and grow to 16m tall (Poole and Adams 1990). Lifespan 
and size are considered part of the broad definition of competitive ability used by 
Huston and Smith (1987). 
The low survival of all species when grown in the dense native forest understorey (2% 
light) suggests regeneration of either Ulex europaeus or native tree species following 
the establishment of a native canopy would require some degree of disturbance 
(Section 6.3). 
7 .2.1 Response to changing light levels as a cause of succession 
Differences in competitive ability along a changing light gradient can explain the 
species replacements that occur in the succession from gorse to broad-leaved forest 
but this is not proof that they are the cause of the succession. Recent studies have 
stressed the need to understand the causes of succession in order to predict outcomes 
or manipulate successions (Pickett et al 1987, Glenn-Lewin et al 1992). In the current 
study, the question of whether change in competitive ability in response to changing 
light levels causes the species replacements can be addressed through comparisons of 
the performance of seedlings grown in the field with those grown in controlled 
experiments and manipulations of canopy and light levels in the field. 
Growth rates appear to be an important determinant of competitive ability at high light 
levels. There is a similar ranking of species on the basis of growth rates observed under 
controlled conditions and in the field. Ulex europaeus had the highest growth rate in 
both experiments (Section 6.3.15). This suggests that light level was an important 
determinant of growth rate and supports the idea that the greater competitive ability of 
Ulex europaeus at high light levels resulted in its dominance following disturbance. 
At lower light levels, growth rates in the field were not entirely predictable on the basis 
of response to changing light levels. As discussed in Section 6.4.5, differences in 
growth rates in response to variables other than light resulted in a negative relationship 
between growth rates at 11 % light in controlled experiments and growth rates of 
plants grown under the gorse canopy. Coprosma robusta tended to be the fastest 
growing study species under the gorse canopy but the slowest in a pot at 11 % light 
while Melicytus ramiflorus tended to be the fastest growing of the study species at 
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11 % light in the potted experiment but the slowest growing under the gorse canopy. In 
both instances, the growth rate of Ulex europaeus was between those of the fastest 
and slowest growing native species and did not differ significantly from them. 'This 
suggests that differences ( or the lack of them) in growth rates at 11 % light are 
sufficient to explain the inclusion of some native tree species in the canopy but the 
details of timing and the species of native tree species most likely to reach the canopy 
will vary in response to a range of factors other than light 
The second approach used in the current study was to remove the gorse canopy and 
replace it with shade-cloth to separate the effects of shading from other effects of the 
gorse canopy. As described in Section 6.3.19, the shade cloth had a similar effect on 
growth rates to the gorse canopy. 'This supports the idea that light levels are an 
important factor in determining the growth rates under the Ulex europaeus canopy. 
This study avoided the differences in seed sources and treatment of the young seedling 
that may have explained some of the differences between the field and the potted 
experiments (Section 6.4.2). However, the separation of light from other 
environmental variables was not total as the shade cloth will also have affected 
environmental parameters other than light to some extent 
Competitive ability later in the succession appears to be determined more by 
differences in longevity and stature than differences in growth rates. As a 
generalisation, late-successional species have a longer lifespan and a taller maximum 
height (Huston and Smith 1987). Whether or not this is a response to lower light levels 
is difficult to assess for long-lived species. 
7 .2.2 The effect of seed availability and germination on species replacements 
Huston and Smith's work has been criticised for its emphasis on established individuals 
(MCCook 1994). Huston and Smith's model does not explicitly consider differences in 
the ability of the species to colonise a site: i.e. they describe it as a model of initial 
floristics. However, they acknowledge the importance of differences in colonisation 
ability and the desirability of considering them in studies of succession (Huston and 
Smith 1987). Differences in seed availability, germination responses and the survival of 
young seedlings observed in the current study will also affect the observed species 
replacements. 
As Ulex europaeus has a larger seed bank population than late-successional tree 
species (Section 5.3.1), there is a high probability that it would dominate following 
disturbance. This indicates that, in sites where Ulex europaeus has previously been 
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established and has built up a seed bank, seed availability rather than greater 
competitive ability may be the cause of the original dominance of Ulex europaeus. As 
well as having more available seed, Ulex europaeus responded to disturbance with an 
increase in germination. Disturbance resulting in the removal of the canopy and litter 
was shown to promote the germination of U. europae'US and to a lesser extent that of 
K. ericoides. For other native tree species disturbance tended to reduce germination. 
Once the initial gorse canopy has established the species that will replace it will depend 
on the presence or absence of seedlings of other species in the understorey, the ability 
of seed to invade the community, and the suitability of conditions for germination and 
establishment If native species have established with the gorse, they will replace the 
gorse despite similar growth rates but because of differences in stature and longevity as 
discussed above. If, as commonly occurs (Lee et al 1987), they have not established 
with the gorse, their ability to invade and establish in the gorse community will 
determine species replacements. 
In the current study, the frequency of seed of native tree species in the seed bank of 
young gorse stands was very low but seed accumulated with increasing length of time 
since disturbance. As many of the species had transient seed banks (Section 5.3,i), the 
build up of native seed in older plots requires an increase in the annual input of seed. 
This could be explained by the increasing availability of bird perches as many of the 
species are bird-dispersed (Burrows 1994). An increase in bird perches could result 
from the change in structure as the Ulex europae'US stands become senescent and 
plants collapse. The accumulation of seed of native tree species provides an 
explanation for the occurrence of native tree seedlings later in the succession. 
However, from the accumulation of gorse seed in the seed bank as the gorse stand 
ages, a continued presence of gorse would also be expected. 
The effects of proximity to seed source and length of time since disturbance could not 
be separated in the current study. This suggests the possibility of an alternative 
explanation for the build up of seeds of native tree species, i.e. that there were more 
seeds in older plots as they were closer to seed sources. This explanation does not 
involve a change in seed bank composition with time so would not contribute to an 
explanation of the appearance of native tree species later in a succession. Past studies 
of the succession from gorse to broad-leaved forest have been carried out in areas 
close to native seed sources (e.g. Lee et al 1986 and Druce 1957). Whether or not 
ageing gorse communities can remain free of seed of native tree species if they are 
distant from seed sources is not known. 
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Conditions must be suitable before seed of native tree species present in the gorse 
community can germinate and establish. Conditions under the gorse canopy favour the 
germination of native tree species more than conditions following disturbance (Section 
6.3.4). However, the build up of a deep litter layer can inhibit establishment (Section 
2.3.5 and 6.3). Ulex europaeus would appear to be capable of replacing itself. It can 
germinate, at least in low numbers, if undisturbed (Section 6.3.2) and some of the 
seedlings germinating under the gorse canopy survived for the duration of the study 
(14 months) (Section 6.3.7). 
On the basis of seed availability and germination alone, a stable gorse community with 
only the occasional occurrence of native trees in the canopy would be predicted. Once 
seedlings of a range of species have established under the gorse canopy, comparable 
growth rates and differences in longevity and stature would be expected to result in the 
replacement of the gorse canopy with native tree species as outlined in Section 7 .2. If 
differences in seed availability and germination response prevent the establishment of 
native seedlings until the gorse community becomes senescent, the succession would 
be expected to show a similar pattern but take 25 to 30 years longer than that 
occurring if a range of seedlings, including native tree species, established following 
disturbance. The influence of seed availability and germination could result in a slower 
replacement of Ulex europaeus than that predicted purely on the basis of competition 
between established seedlings. 
7.2.3 Trade-offs as a cause of changes in competitive ability 
The third of Huston and Smith's (1987) premises was that "physiological constraints 
prevent any species from maximising competitive ability for all circumstances. This 
produces an inverse correlation between certain groups of traits such that relative 
competitive abilities change over a range of environmental conditions". The occurrence 
of trade-offs would make changes in competitive ability and therefore species 
replacements inevitable. Huston and Smith saw trade-offs as constraining the possible 
successional patterns and being responsible for the similarities bevneen successions in 
different communities. While the logic is appealing, there has been little evidence to 
support the existence of trade-offs. In the current study, while there is evidence of 
changes in competitive ability in the succession from gorse to broad-leaved forest, 
there was little evidence of trade-offs. 
High growth rates at high light levels were an important aspect of the competitive 
ability of Ulex europaeus. Two trade-offs with high potential growth rates were tested 
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for. They were between high potential growth rate and low survival as a result of either 
low growth rates or low allocation to substances that assist in persistence and defence 
of the leaf. These two trade-offs have received considerable attention in recent studies 
of succession (e.g. Kitajima 1994; Walters et al. 1993). In the current study there was 
a tendency for species with high growth rates at high light levels to have low growth 
rates at low light levels (Section 3.4). While negative, the relationship between growth 
rates at high and low light levels was not significant. Evidence that high growth rates at 
high light levels are linked with low survival at low light levels was also inconclusive 
(Section 3.4). Evidence for the existence of these trade-offs was discussed in more 
detail in Section 3.4. 
The lack of conclusive evidence for a trade-off with high growth rates in the current 
study, raises the question of why the native tree species do not have growth rates as 
high as Ulex europaeus at high light No advantage in having a low potential growth 
has been demonstrated (Poorter 1990). This points to the existence of some trade-off 
with a characteristic that is beneficial in a late-successional environment and high 
growth rate. There are several possible reasons why the current study could have failed 
to show evidence for trade-offs even if they were occurring. These include the effect of 
choice of species and the diversity of trade-offs that could occur in different 
communities. 
a)Choice of species 
Results from the current study indicate that the choice of species can determine 
whether or not a certain trade-off is observed. While comparisons between species are 
commonly used in studying trade-offs (e.g. Shipley and Peters 1990, Kitajima 1994), 
physiological constraints occur within individual plants and not between species. The 
observed strategy of a plant is likely to be influenced by the combination of a large 
number of trade-offs. When looking for evidence of trade-offs through negative 
correlations between characteristics for a group of species the multitude of different 
strategies demonstrated by the species may mask the presence of any one trade-off 
occurring within a species. The following example illustrates this point. H two early-
successional species with a strategy similar to Ulex europaeus were chosen to compare 
with two late-successional species there would be evidence for a trade-off between 
high growth rates at high light levels and high growth rates at low light levels. 
Alternatively, if two species similar to the early-successional tropical species studied by 
Kitajima (1994) were chosen, there would be evidence for a trade-off between high 
growth rates at high light levels and a high allocation to defence. H one early-
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successional species of each of the two different strategies were chosen, it is unlikely 
that there would be evidence to support the existence of either trade-off. 
b )Diversity of possible trade-offs 
Huston and Smith (1987) emphasise the importance of a large range of characteristics 
in determining competitive ability. These include small seed size, high seed output and 
dispersability, and rapid growth, for early-successional plants and large size and shade 
tolerance for late-successional plants. Many possible trade-offs involving these 
characteristics have been suggested. Tilman (1990) suggested that there should be a 
trade-off between high seed output and high growth rate as an increased allocation to 
seeds would reduce the resources available for allocation to leaves and photosynthetic 
machinery. A trade-off between longevity and high growth rates is evident in work 
which shows that annual grasses have a higher growth rate than perennial grasses 
(Garnier and Vancaeyzeele 1994). A possible mechanism for this trade-off can be 
suggested from the findings that slower growing grasses have higher levels of lignin 
and hemi-cellulose in the cell walls resulting in greater strength and reduced 
digestibility (Arendonk and Poorter 1994). For similar reasons a trade-off between 
high growth rates and maximum size may be expected in tree species. 
The example used above, to illustrate the importance of choice of species in 
determining whether trade-offs are found, also illustrates the fact that not all trade-offs 
will be evident in all communities. Differences in the importance of a range of 
environmental constraints has been suggested as a reason why some trade-offs may be 
evident in some communities but not others (Tilman 1990). 
c) The usefulness of trade-offs in studying causes of succession 
Is the concept of trade-offs as a cause of changes in competitive ability and therefore 
of species replacements in a succession useful? The major motivation behind the study 
of causes of succession is the greater ability to predict and manipulate successions 
(Glenn-Lewin et al. 1992). The simple knowledge that a trade-off exists may only 
allow for the prediction that early-successional species will be replaced by a late-
successional species. However, a greater understanding of the specific trade-offs 
occurring in a succession would increase the ability to predict and manipulate 
successions. If a small number of trade-offs were found to be common to a range of 
conununities, and their occurrence easily predictable, then this might be a fruitful area 
for the search for unifying concepts in succession. 
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7.3 MANAGING THE GORSE BROAD-LEAVED FOREST SUCCESSION 
The second aim of this thesis was to use the information obtained on the ecology of the 
species and successional processes in a gorse-forest community to address ways of 
managing gorse-covered land to encourage succession to forest. 
When considering the management of gorse-covered land with the aim of revegetating 
the area with forest, the first major decision will be whether active management is 
required. An outline of minimum impact management is given by MCCracken (1993). 
This involves minimising the possibility of disturbance but no further active 
intervention. One of the major factors in determining whether a gorse-covered site will 
revert to native forest without active intervention is whether seed is present at the site. 
The absence of many late-successional species from the standing vegetation at many 
sites, and short dispersal distances and transient nature of the seed of many mid-
successional tree species, make it likely that seed availability will be a limiting factor 
for many gorse-covered sites. In the current study there were very low levels of seed in 
plots only 55m from a gully containing native scrub vegetation. However, difficulties in 
separating the effects of age of the gorse community from distance from seed sources 
make it possible that this was the result of the structure of the community found in 
these plots rather than their distance from the seed source. 
Active intervention may also be desirable to accelerate the succession. If the 
replacement of gorse takes 50-60 years as suggested by Lee et al (1986) this will make 
the option less attractive to many land owners. Accelerating the succession would also 
reduce the likelihood of disturbance before the process is complete. This is an 
important issue in areas readily accessible to people and where the risk of fire is high. 
Intervention can also be helpful in establishing desired species that have become locally 
extinct. 
In a general discussion of the role of seed banks in the management and restoration of 
natural vegetation, van der Valk and Pederson (1989) recommend a seed bank study as 
a useful starting point. A seed bank study would allow for the differentiation of sites 
that do or do not require active intervention. It would also provide information on the 
range of species that could establish given suitable conditions without addition of seed 
or seedlings from outside the area. 
The first option for active intervention is adding seed. For this to increase the 
probability that the succession from gorse to broad-leaved forest will occur or be 
accelerated, conditions must be suitable for the germination of the seed. Germination 
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of the seed of several native tree species did occur in undisturbed sites under the gorse 
canopy in the current study but only at a very low frequency (Appendix 6). Seeds 
could be added directly or through the setting up of bird perches. 
The second option is to try and improve conditions to encourage the germination of 
seed that is already present at the site. Deep gorse litter (>4cm deep) may prevent the 
germination and establishment of all native woody species. Removal of litter would 
increase the probability of native species germinating but also increase the germination 
of gorse (at least immediately following the disturbance) (Section 6.3). Deep litter has 
a greater inhibitory effect on the germination of the seeds of native tree species than 
the germination of gorse seed (Section 2.3.5) so its removal should favour the 
establishment of native tree species over gorse. However, removal of the canopy 
would tip the balance in favour of the germination of gorse. This effect can be 
minimised through the timing of disturbance if removal of the gorse canopy is desirable 
for some other reason, This is possible due to differences in the seasonal patterns of 
germination for gorse and native tree species (Section 6.3). Germination of gorse 
occurs all year round but will be most abundant in summer and in the autumn of some 
years. Germination of native tree species was largely confined to early spring. 
Clearance immediately prior to spring would maximise the number of tree seedlings 
germinating and minimise the number of gorse seedlings germinating. 
The third option for active intervention would be transplanting seedlings to a site. This 
will bypass the risks involved with germination and the early high risk stages of 
seedling development. One of the major problems with transplantation is the risk of 
herbivory. Transplanted seedlings seem to be targeted particularly when they are 
planted in small clearings (Section 6.3.10). If effective control of herbivores can not be 
achieved, planting with minimal disturbance to the canopy would be desirable. 
The fourth management option is to try and provide conditions at the site that favour 
the survival and growth of native tree seedlings over gorse. One of the major issues for 
this option is whether to open up the canopy and, if so, how big to make the clearings? 
The effect that any opening up of the canopy the effect this will have on the growth 
rates of both the native species and gorse is important. Shading or canopy cover 
reduces the growth rate of gorse seedlings and seedlings of native tree species (Section 
6.3). However, the majority of seedlings of all species survived when transplanted into 
fenced plots in the clearing or under the gorse canopy (Section 6.3.10). 
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A dense canopy will result in higher growth rates for native tree species when 
compared with gorse but lower growth rates for all species. If the canopy is cleared, 
the growth rates of all species will increase, but the increase would be greatest for 
gorse and could result in gorse overtopping transplanted seedlings. Weeding would 
then be necessary. In a 5 x 5m clearing in the current study, weeding of gorse from a 
small area around tree seedlings resulted in increases in growth for many of the 
seedlings (Section 6.3.20). The choice becomes one of smaller gaps with slower results 
or larger gaps with a greater management input but more rapid results. 
The decision on which species to plant will be influenced by a range of factors. There 
was little difference between the growth rates of the study species when grown under 
the gorse canopy. Ranked from fastest to slowest they were Coprosma robusta, 
Aristotelia serrata, Kunzea ericoides, Pittosporum eugenioides, Melicytus ramiflorus 
and Podocarpus totara. The only significant difference in growth rates was between 
Podocarpus totara and the rest (Section 6.3). All seedlings had high rates of survival 
with the exception of Melicytus ramiflorus. Its low survival is likely to be linked to dry 
conditions (Section 6.4.2). As growth rates were all quite similar when seedlings were 
grown under the gorse canopy, species can be chosen to allow for adaptation to site 
factors other than the presence of gorse. Considerations regarding the final 
composition of the community and its similarity to previous vegetation can also be 
accommodated. 
The best means of active intervention will be decided by the balance between resources 
and the time available. In general, intervention with well developed seedlings should be 
most effective. Such intervention would require more resources. The most effective 
intervention would be the transplanting of seedlings into clearings and doing following 
up with weeding. At the other extreme adding bird perches would require little work 
and could increase the probability and speed of the succession from gorse to broad-
leaved forest. Within a given level of resources, targeting the steps of the succession 
that are limiting will increase the effectiveness of the intervention. This requires the 
consideration of all steps following the intervention. For example if seed is to be 
added, it is important to consider whether the litter layer is too deep for the seeds to 
genninate and establish and whether seedlings will be prone to attack by herbivores. 
7.4 FURTHER RESEARCH 
When testing models that attempt to explain the similarities between successions in a 
wide range of plant communities, the need for similar tests in other communities is 
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apparent. The strong theoretical basis for the occurrence of trade-offs suggests that it 
is too early to dismiss them as a possible unifying concept in the study of succession. 
However, little evidence of the importance of specific trade-offs has yet been found. 
Further research is needed that examines a greater range of possible trade-offs in 
connection with the likely environmental constraints for a given community. 
More specific questions concerning the succession from gorse to broad-leaved forest 
also remain unanswered. How much of the gorse seed that germinates in the field is 
recently set seed? How important is the greater fluctuation in temperature that follows 
disturbance in stimulating the germination of gorse seed? A greater understanding of 
factors that influence the germination of gorse would have applications in control of 
the weed. 
The effects of distance from seed sources and the age of the gorse community on the 
availability of the seeds of native tree species were discussed but could not be 
separated in the current study. Seed bank studies which examine changes in seed bank 
composition with time in young stands of gorse and the effect of distance from seed 
sources at greater distances than those in the current study are needed to answer 
questions regarding the ability of gorse communities to resist invasion by native trees. 
The ability of seedlings of gorse and native tree seedlings to survive in young, dense 
gorse stands was not addressed in the current study and could have important 
implications for the succession. 
Many of the interventions that have been suggested to encourage the regeneration of 
native forest on gorse-covered land are based . on information from small scale 
experiments or results from other plant communities. For example bird perches have 
been shown to be effective in accelerating successions in other plant communities but 
their effectiveness in the gorse-forest succession will be influenced by the local bird 
population which is likely to be dominated by naturalised species (Burrows 1994). 
Removal of litter was only attempted on a small scale. Co-operation with land owners 
to monitor the effects of different types of intervention would allow for a better 
assessment of their effectiveness. 
7.5 CONCLUSION 
This study has attempted to examine ecological and physiological attributes of some of 
the principal species involved in a gorse-forest succession; relate them to successional 
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theories and processes, and suggest means of managing the re-establishment of native 
forest. It is hoped that its findings will further interest and research that will contribute 
to the management of gorse-covered areas and the re-establishment of native forest. 
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Appen ix · d" One  Light levels 
Light levels at Deborah Bay in the Germination Experiment 
(Light levels as a percentage of full light 
Canopy Clearing Gorse 
Litter present absent present absent 
Rep 1 71 63 6 7 
Rep2 49 52 0.2 0.5 
Rep3 70 65 15 7.5 
Rep4 72 69 3.5 4.5 
Light levels for the vegetation survey are given in Appendix 3 
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Appendix Two: Glasshouse experiment results 
Growth and biomass allocation for Ulex europaeus, Pittosporum eugenioides andMelicytus ramiflorus 
seedlings grown at three different light levels in the glasshouse. 
final height -
mean± s.e.m 
Species watering 2% light 11% light 33% light 
Ulex europaeus wet 21.00 ± 3.51 40.90± 4.70 56.70 ± 5.94 
Ulex europaeus dry 21.00± 6.00 46.20± 3.10 56.40+ 1.84 
Pittosporum eugenioides wet 5.40± 0.97 19.00 ± 4.10 23.80 ± 5.43 
Pittosporum eugenioides dry 11.40 ± 1.17 25.70± 3.31 25.80 + 3.74 
Melicytus ramif/orus wet 14.40 ± 2.27 22.10± 3.38 22.10 ± 4.04 
Melicytus ramif/orus dry 15.50 ± 1.55 26.70± 2.73 23.10± 2.53 
final mass 
mean± s.e.m 
Species watering 2% light 11% light 33%1ight 
U/ex europaeus wet 0.10± 0.03 1.22± 0.29 3.98± 0.55 
U/ex europaeus dry 0.12 ± 0.05 1.27 ± 0.21 6.76± 0.84 
Pittosporum eugenloldes wet 0.15± 0.03 1.11 ± 0.34 2.29± 0.77 
Pittosporum eugenioides dry 0.31 ± 0.09 2.06± 0.49 2.65± 0.70 
Melicytus ramiflorus wet 0.27 ± 0.03 2.82± 0.62 2.12 ± 0.89 
Melicytus ramiflorus dry 0.40± 0.07 3.19 ± 0.57 2.60+ 0.70 
helght:mass ratio 
mean± s.e.m 
Species watering 2% light 11% light 33% light 
Ulex europaeus wet 226.40± 59.39 41.50 ± 7.37 14.96 ± 1.56 
Ulex europaeus dry 192.58 ± 34.69 38.24+ 8.20 9.72± 1.12 
Pittosporum eugenioldes wet 59.49 ± 6.39 21.60 ± 3.71 12.53 + 2.00 
Pittosporum eugenioides dry 49.30± 12.65 15.74 ± 3.00 12.67 ± 2.47 
Melicytus ramiflorus wet 51.19 ± 3.86 7.89+ 0.98 22.35 ± 7.57 
Melicytus ramiflorus dry 40.04± 3.21 9.66± 1.70 11.28 ± 1.86 
RGRw 
mean± s.e.m 
Species watering 2%1ight 11% light 33% light 
U/ex europaeus wet 7.62± 4.28 38.20+ 2.33 53.55 ± 1.25 
U/ex europaeus dry 6.97± 5.81 39.42 ± 2.27 60.25± 2.31 
Pittosporum eugenioides wet 6.84± 1.90 29.92± 4.09 43.26± 3.23 
Pittosporum eugenioides dry 16.86 ± 2.78 39.78 ± 2.58 44.49+ 2.03 
Melicytus ramiflorus wet 2.51 ± 1.13 33.44 ± 1.67 22.23 ± 6.56 




Species watering 2% light 11% light 33% light 
Ulex europaeus wet 3.28 1.79 15.42 0.92 7.79 0.07 
Ulex eurooaeus drv 2.90 2.41 16.35 0.95 8.50 0.41 
Pittosoorum eu.aenioides wet 0.51 0.14 4.04 0.75 8.08 1.92 
Piffosoorum euaenioides drv 3.76 2.41 5.49 0.66 11.14 1.22 
Melicvtus ramif/orus wet 0.12 0.07 3.90 1.62 4.84 1.66 
Melicytus ramiflorus dry 0.39 0.11 4.35 0.95 5.79 1.01 
LAR 
mean s.e.m 
Species watering 2% light 11% light 33% light 
Ulex europaeus wet 7.30± 0.14 2.48± 0.01 2.15± 0.05 
Ulex europaeus dry 7.58± 0.11 2.41 ± 0.01 2.22± 0.03 
Piffosporum eugenioides wet 18.98 ± 0.38 12.45± 0.85 8.20+ 0.52 
Piffosporum eugenioides dry 14.76 ± 2.15 12.10 ± 0.70 7.50± 0.42 
Melicytus ramiflorus wet 25.44± 3.58 12.94 ± 0.34 10.64+ 1.24 
Melicytus ramiflorus dry 22.68 ± 2.19 15.95 ± 1.38 13.10± 0.92 
SLA 
mean s.e.m 
Species watering 2% light 11% light 33% light 
Ulex eurooaeus wet 8.22 2.71 2.57 
Ulex eurooaeus drv 8.22 2.71 2.57 
Piffosporum eugenloides wet 26.77 ± 0.68 19.70 + 1.16 14.36 ± 0.66 
Pittosporum eugenioides dry 24.89 ± 0.85 19.46 ± 0.73 13.54 ± 0.50 
Melicytus ramiflorus wet 39.20± 5.43 27.56 ± 1.55 21.39 ± 1.07 
Melicytus ramiflorus dry 34.04± 3.99 29.76± 1.10 24.91 ± 0.39 
RWR 
mean± s.e.m 
Species watering 2%1ight 11% light 33%1ight 
Ulex europaeus wet 0.11 ± 0.02 0.09± 0.00 0.16± 0.02 
Ulex europaeus dry 0.08± 0.01 0.11 ± 0.04 0.14+ 0.01 
Piffosporum eugenioides wet 0.12± 0.01 0.17 ± 0.02 0.23± 0.01 
Pittosporum eugenioides dry 0.12± 0.02 0.18 + 0.02 0.24+ 0.01 
Melicytus ramif/orus wet 0.15± 0.02 0.32± 0.02 0.23± 0.05 
Melicytus ramiflorus dry 0.13± 0.01 0.21 ± 0.05 0.25± 0.03 
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Appendix 3; Environmental measurements for vegetation survey 
Environmental parameters for 30, 2m x 2m vegetation plots at Deborah Bay 
Plot Age Litter Depth Slope Aspect height of 
(years) (cm) (0) (0) j!;Orse (m) 
1 40 0.5 38 280 
2 8 1.7 22 283 2 
3 5 3.5 23 260 2.5 
4 40 0.1 23 50 
5 15 1.5 24 22 5 
6 8 1.5 32 340 1.7 
7 18 0.5 19 270 3.5 
8 3 15 22 280 0.9 
9 21 0.5 42 275 4.5 
10 24 2 24 70 3.5 
11 16 3 32 60 2 
12 40 0.5 4 330 
13 3 50 26 295 1 
14 40 2.3 20 290 
15 8 8 26 300 2.3 
16 21 2.5 31 70 2.5 
17 13 7 31 65 1.5 
18 18 21 9 70 2.7 
19 40 2 43 290 
20 40 3.8 15 30 
21 36 3.5 43 60 4.3 
22 18 4.2 49 70 2 
23 9 0.4 42 65 0.8 
24 40 1.9 20 290 
25 7 2.9 36 255 1.9 
26 8 4.3 25 265 2.1 
27 7 0.4 15 265 
28 7 6 21 290 1.6 
29 40 3.8 30 35 
30 3 5.5 25 40 
















Appendix 3 (cont) 
Plot Light Soil moisture Soil pH % Organic % ground 
(µ mol )hotons water/dry soil Matter cover in bare 
m-2 s-1 soil and moss 
1 0.2 0.29 5.4 14.7 15 
2 6.9 0.22 4.6 18.2 10 
3 5.3 0.31 4.7 18.1 2 
4 3.3 0.18 4.2 12.9 15 
5 1.9 0.40 3.5 31.3 3 
6 1.4 0.33 3.9 14.2 5 
7 2.1 0.35 4.8 13.7 20 
8 10 0.29 4.8 13 0 
9 4.3 0.24 4.6 14.7 19 
10 1.2 0.23 4.3 20.3 28 
11 0.9 0.90 3.9 17 4 
12 1.3 0.27 5.0 10 27 
13 2.3 0.64 4.1 20.2 7 
14 8.2 0.21 4.6 16.9 15 
15 5 0.18 4.4 15 3 
16 17.5 0.21 4.4 15.9 10 
17 13.5 0.24 4.3 15.7 3 
18 3.3 0.28 3.8 20.8 2 
19 0.2 0.46 5 20.1 15 
20 0.3 0.35 4.7 13.2 8 
21 0.6 0.26 3.6 14.1 25 
22 1.5 0.23 4.0 15 20 
23 12 0.13 4.3 12.1 50 
24 0.6 0.34 5.4 10.3 7 
25 6 0.16 4.4 14.6 15 
26 7.4 0.19 4.9 18.5 15 
27 0.35 4.5 16.2 35 
28 4 0.24 4.7 12.1 0 
29 0.2 0.55 6.1 18.8 25 
30 0.1 0.21 6.3 8.6 20 
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Appendix 4: Raw data for seed bank study 
Canopy Gorse Gorse Gorse 
plot 2 23 26 
depth L T B Tot L T B Tot L T B Tot 
OQrCOp 16 16 163 249 51 463 0 
antodo 13 13 0 0 
hollan 25 101 49 175 0 25 27 52 
carex? 0 0 0 
·un buf 35 107 142 97 89 186 50 75 125 
ana arv 7 7 34 34 27 27 
cen ery 216 74 290 0 25 28 53 
dig pur 0 0 0 
epinum 17 15 32 0 0 
hyd mos 0 50 50 
hyp and 13 145 223 381 0 14 308 322 
pelino 53 53 0 0 
pselut 0 0 0 
sen Jae 0 C 
sen min 38 264 47 349 75 249 87 411 125 739 308 1172 
sen vul 16 16 0 13 58 71 
sol lac 0 17 17 13 12 25 
tri rep 13 13 0 25 25 
leyfor 13 206 46 265 13 186 26 225 38 91 59 188 
cyt sco 16 16 13 13 0 
ule eur 788 1838 587 3213 75 1031 1188 2294 1225 1025 296 254~ 
ariser 0 0 13 14 27 
car ser 0 0 C 
fuc exc 17 16 33 17 17 12 15 27 
heb sol 0 0 15 15 
kun eri 144 31 175 13 30 43 28 28 
mel ram 0 0 13 13 
pse orb 0 0 0 
sch dig 0 13 13 
mue aus 0 0 13 13 
par het 0 0 0 
unknown 25 121 172 318 75 123 38 236 75 77 43 195 
Total 925 3164 1415 5503 414 2033 1491 3938 1591 2292 1104 4987 
Species 7 13 14 18 6 10 7 11 12 17 7 20 
254 
Appendix 4 (cont) 
Canopy Kanuka Mahoe/ Mahoe/ 
/Gorse Gorse Gorse 
plot 18 7 21 
depth L T B Tot L T B Tot L T B Tot 
agrcap 50 872 457 1379 13 137 84 233 0 
antodo 0 29 29 0 
holtan 124 110 234 63 14 77 59 59 
carex? 0 0 0 
jun buf 50 102 152 50 9(:IJ 1792 2802 191 175 366 
ana arv 15 15 0 0 
cen ery 26 26 13 131 113 256 0 
dig pur 0 26 38 64 0 
epi num 0 14 14 0 
hyd mos 
hyp and 0 13 271 322 606 232 153 385 
petino 0 0 0 
pse tut 0 0 13 39 29 81 
senjac 0 13 13 19 19 
sen min 113 198 111 422 38 669 515 1221 75 311 182 568 
sen vul 0 0 0 
sot lac 24 19 43 74 14 88 50 409 35 494 
tri rep 155 155 13 13 19 14 33 
teyfor 25 111 34 170 25 209 233 467 125 2384 520 3029 
cyt sco 0 25 566 917 1508 0 
ule eur 1400 5522 1077 7999 788 5829 3599 10216 2738 15495 3497 21730 
ariser 13 19 32 89 110 199 138 836 15 989 
car ser 0 20 20 15 15 
fuc exc 13 24 58 94 165 l (:IJ 325 13 290 245 548 
heb sol 12 12 19 19 13 19 32 
kun eri 25 389 30 444 150 180 19 349 175 1640 199 2014 
met ram 12 12 13 52 32 97 638 10275 1609 12522 
pse arb 13 13 26 13 26 39 0 
sch dig 13 13 13 13 38 135 52 225 
mue aus 0 13 37 50 13 136 15 164 
par het 0 0 0 
unknown 75 241 176 492 113 316 440 869 125 1173 191 1489 
Total 1725 7631 2362 11718 1263 9868 8453 19584 4154 33662 6944 44760 
Species 9 15 13 18 13 22 19 25 13 18 16 19 
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Canopy Kanuka Mahoe 
I 
Kanuka 
plot 12 20 
depth L T B Tot L T B Tot 
aorcap 13 13 30 34 64 
antodo 0 0 
hollan 0 18 18 
carex? 47 47 16 16 
jun buf 38 6(12_ 1443 2083 121 321 442 
ana arv 0 0 
cen ery 0 17 17 
dig pur 0 0 
eplnum 0 0 
hyd mos 
hyp and 24 105 129 37 37 
pelino 0 0 
pselut 0 0 
senjac 0 0 
sen min 25 13 38 13 15 28 
sen vul 0 0 
sol lac 0 100 325 125 550 
tri rep 24 49 73 13 35 19 66 
leyfor 150 78 45 273 13 1222 89 1324 
cyt sco 0 0 
ule eur 39 17 56 0 
ariser 25 239 170 434 125 2297 648 3070 
car ser 16 16 0 
fuc exc 75 312 217 604 200 990 833 2023 
heb sat 13 13 0 
kun eri 475 150 625 25 295 146 466 
mel ram 0 138 619 106 863 
pse orb 0 0 
sch dig 13 17 30 51 38 89 
mue aus 0 63 340 20 422 
par het 0 38 48 86 
unknown 150 140 61 351 150 696 235 1081 
Total 950 1647 2188 4785 875 7118 2668 10661 
Species 8 12 11 15 11 16 14 18 
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Auvendix 6 : Germination data 
Raw data from the germnation experiment: a) germination in a clearing 
Reo lR* 2R 3R 4R lL* 2L 3L 4L Total 
Acaenaspp. 0 0 0 0 0 0 0 0 0 
Anagallis aNensis 0 0 0 4 0 0 0 l 5 
Aristotelia serrata 0 l 3 0 2 3 4 14 27 
Cardamine hirsuita 0 0 0 0 0 0 0 0 0 
Carpodetus serratus 0 0 0 0 0 0 0 0 0 
Cerastium 0 0 240 0 0 0 9 0 249 
Ctrataegus monoayna 0 l l 0 0 1 0 0 3 
Cytisus scoparius 0 0 0 1 2 9 2 0 14 
Digitalis purpurea 0 0 0 0 0 1 0 0 1 
Epilobium ciliatum 0 0 3 7 1 0 0 0 11 
Fuchsia excorticata l 1 6 2 0 8 3 0 21 
grasses 2 l 4 l 3 11 2 2 26 
Grise/in/a Jifforalis 0 0 0 0 0 0 0 0 0 
Hebe salicifolia 0 0 0 2 0 0 0 0 2 
Hierac/um pilosella 0 0 0 46 l 0 0 0 47 
Hypericum androsaeum 0 2 2 78 9 0 2 1 94 
Hypochaeris diaitata 0 0 0 2 0 0 0 1 3 
Juncus bufonlus 57 56 27 34 18 21 13 6 232 
Kunzea ericoides 18 79 113 l 42 31 141 10 435 
Leycesteria formosa 6 5 48 0 15 8 41 33 156 
Melicytus ramiflorus 0 2 l 0 2 4 1 0 10 
Muehlenbeckia australis l 2 2 0 2 0 2 0 9 
Parsonsia heterophylla 0 0 0 0 1 0 0 0 1 
Pseudognapthalium luteo- 0 0 0 0 0 0 1 0 1 
album 
Pseudopanax arboreus 0 0 0 0 0 0 0 0 0 
Pteridium esculentum 1 12 0 0 0 20 0 0 33 
Rubus cissoldes 0 0 0 0 0 0 0 0 0 
Rubus fruticosus l 0 5 0 2 0 5 l 14 
Scheff/era diaitata 0 4 0 0 0 5 0 0 9 
Senecio minimus 10 26 19 41 17 13 27 21 174 
Solanum /aciniatum 0 0 0 1 0 0 3 4 8 
Sonchus o/ereaceous 0 0 0 0 0 0 0 0 0 
Trifolium repens 2 l 0 1 0 1 1 3 9 
Ulex europaeus 2290 4207 4706 3956 5605 5975 6382 9746 42867 
Unknown 12 31 45 32 9 26 39 15 209 
Total 2401 4431 5225 4209 5731 6137 6678 9858 44670 
* R= litter removed L= litter layer remaining 
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b) Germination under the gorse canopy 
lR* 2R 3R 4R ll* 2L 3L 4L gorse 
Acaena 0 0 0 0 0 0 0 0 0 
Anaaallis aNensis 0 0 5 0 0 0 2 0 7 
Aristotelia serrata l 4 19 2 2 0 26 0 54 
Cardamine hirsuita 0 0 0 0 0 0 0 0 0 
Carpodetus serratus 0 0 l 0 l l l 0 4 
Cerastium 0 0 l 0 0 l l 0 3 
Ctrataeaus monoayna l l 0 0 0 0 0 0 2 
Cytisus scoparius 0 0 0 0 0 0 0 0 0 
Digitalis purpurea 0 0 0 0 0 0 0 0 0 
Eplloblum ciliatum 0 0 2 0 0 0 2 0 4 
Fuchsia excorticata 7 l 8 0 1 0 1 1 19 
grasses 1 0 1 0 1 0 1 0 4 
Grise/in/a littoralis 0 0 0 0 0 0 0 0 0 
Hebe saliclfolia 0 0 0 0 0 0 0 0 0 
Hieracium pilosella 0 0 0 0 0 0 0 0 0 
Hypericum androsaeum 7 23 2 3 1 0 1 0 37 
Hypochaeris digitata 0 0 0 0 0 0 0 0 0 
Juncus bufonius 3 2 14 0 1 0 8 0 28 
Kunzea ericoides 83 121 37 53 121 9 90 10 524 
Leycesterla formosa 31 3 40 15 29 0 40 2 160 
Melicytus ramlflorus 1 0 21 12 4 l 8 0 47 
Mueh/enbeckia australis 2 9 2 1 8 7 9 0 38 
Parsonsia heterophylla 0 0 0 0 0 0 0 0 0 
Pseudognapthalium 0 0 0 0 0 0 0 0 0 
luteo-album 
Pseudopanax arboreus 0 0 0 0 0 1 1 0 2 
Pferidium esculentum 0 3 5 0 2 5 1 0 16 
Rubus clssoldes 1 0 0 1 0 0 0 0 2 
Rubus fruNcosus 0 0 3 0 0 0 1 0 4 
Scheff/era digltata 0 2 17 1 0 0 16 0 36 
Senecio mlnimus 26 31 45 76 35 5 32 11 261 
Solanum laclniatum 0 2 2 2 l 1 3 0 11 
Sonchus olereaceous 0 0 0 l 0 0 0 a 1 
T rifolium repens l 0 0 0 0 l 0 l 3 
Ulex europaeus 5814 331 6692 2363 5184 179 3118 790 24471 
Unknown 72 64 22 285 33 13 44 71 604 
Total 6051 597 6939 2815 5424 224 3406 886 26342 
* R= litter removed L= litter layer remaining 
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c) Germination under a native canopy 
lR* 2R 3R 4R ll* 2L 3L 4L · native 
Acaena 0 0 0 0 l 0 0 0 1 
Anagallis arvensis 0 0 0 0 0 0 0 0 0 
Aristotelia serrata 3 4 19 l 0 3 16 6 52 
Cardamine hirsuita 0 0 76 0 0 0 68 0 144 
Carpodetus serratus 0 0 0 0 0 0 l 0 1 
Cerastium 0 0 0 0 0 0 0 0 0 
Ctrataegus monogyna 0 0 0 0 0 0 0 0 0 
Cyffsus scoparius 0 0 0 0 0 0 0 0 0 
Digitalis purpurea l l 0 0 l 2 0 0 5 
Epilobium ciliatum 0 0 0 0 0 2 0 0 2 
Fuchsia excorticata 3 9 l 0 2 9 0 0 24 
orasses 0 0 0 0 0 0 0 0 0 
Griselinia littoralis 0 0 0 0 0 l 0 0 1 
Hebe salicitolia 0 0 0 0 0 0 0 0 0 
Hieracium pilose/la 0 0 0 0 0 0 0 0 0 
Hypericum androsaeum 0 0 0 0 0 0 0 0 0 
Hypochaeris digitata 0 0 0 0 0 0 0 0 0 
Juncus butonius 0 0 0 0 0 0 0 0 0 
Kunzea ericoides 0 0 5 0 0 0 5 l 11 
Leycesterla tormosa 0 0 3 0 0 0 0 0 3 
Melicytus ramiflorus 9 28 14 3 42 116 26 11 249 
Muehlenbeckia australis 19 91 6 6 250 216 20 5 613 
Parsons( a heterophylla 2 2 0 0 18 9 0 l 32 
Pseudognapthalium 0 0 0 0 0 0 0 0 0 
luteo-album 
Pseudooanax arboreus 0 0 0 0 0 0 0 2 2 
Pferidium esculentum 0 0 l 0 0 0 0 0 1 
Rubus cissoides 0 0 0 0 0 0 0 0 0 
Rubus fruticosus 0 0 0 0 0 0 0 0 0 
Scheff/era digitata 2 l 2 l 6 2 0 3 17 
Senecio minimus 0 0 2 0 2 l l l 7 
Solanum laciniatum 0 9 5 l 2 2 2 1 22 
Sonchus olereaceous 0 0 0 0 0 0 0 0 0 
Tritolium repens 0 0 0 0 0 0 0 0 0 
Ulex europaeus 2 2 0 l 27 0 l 1 34 
Unknown 17 50 17 3 16 27 20 15 165 
Total 58 197 151 16 367 390 160 47 1386 
* R= litter removed L= litter layer remaining 
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